i een 
Maaeiet pine a 
t fe na 
1% be 
S$ he 
Vp ry ts 
{ 
4 
Da t 7 
' 
‘ x ier) 
wy i ai styt 
; BS 
, 1 
! ey ant 
Rus 
yee ‘ 
‘ 
ts ‘ 
E \ Nis tentas 
b eee tier ‘ 4 SH Rae 
if Teele vhape 
i He 3 
aa ye 
ted aN) 
. ta ; BF ay Ube ed ob 
re uy f 3) 4 
; NPP aise 


on 
ally i j ‘ sh ahead 
' 7 
Baypat) 
ary ae 
: eRe 
t hg a 
Q , foe 
AMT 
Naee SHUN 
i aye Huh pian 
"iF Bi eben 
SS) La 
awe . 
% BLE san ea ire 
\ Aye t ayayaeeE a 
, ow Ki 
2 4 ; * ‘ isp seb 
i BGs 
, p i Saeweeity 
_ si Se 
« : ? ‘ hse ted 
‘ t yt meoty 
‘ . Mn eh 
, aa 
? b) ¢ se ni i 
a els yes) bet 
at fae 
stole pat . 
Tike 
' tie 
, hs lo ait 
: Cae Sates 
\ = i ie RRs) oh sae 
‘ ‘ t Tea ey She rae 
7 i " spt Ste sSheko et dnts sine 
sy ‘ ; Seated eereany 
: : p ' bein Sei osacotab " 
fi ‘ ; 3 LS ioe 
ad wv Pie om ieee ere! adinaendate keayy 
: Hl Haier: 4 pest h i ft 


APA 
19) 
GeOsaHanS uaa 


hs H 
Mrpesnsests tel gia 
1 fen ueosts 55 

a3 


Hs 


:4 
: 


er he eae 


TECHNICAL BULLETIN 17 JULY. 1923 


jl 


The University of Minnesota 
Agricultural Experiment Station 


Factors Influencing the Pathogenicity 
of Helminthosporium Sativum 


by Louise Dosdall 
Division of Plant Pathology and Botany 


UNIVERSITY FARM, ST. PAUL 


CONTENTS 


Page 
Introduction: ‘atid saistorical ereyiGwe <a. \¢.sa.srdetaeiobial saree ecient oe el eee 3 
Problemy |); esc cit ee Ceracan eesias eed earatonicien * sated an tee oe 4 
Methods: ". .2¢2Biaerten shiststh ats cos ccsath. cenndarantetints sie cent tece ps utara n ear 5 
Sources ob pathogene.... ceeisaricls ones ee cscs clas Ob a betel ee ee 5 
Selection sotmmost: Varieties; << <iis5ice cicero ois: aa bisiew toe gine Glo. sa ieee ee 6 
Che chesaplenineiiracisccs.c.cio'e yon etyrtiene ile ae aietetiesar'e Sidhe) ema ere sae st use 6 
Specific identity of the pathogene.............--. anidin, acs. 9 Soegeel to) eee 7 
Temperature relations: soc.0 5s diee + cbse seeielee ie oe alee aie tien arnt «oc ae 16 
Growth of fungus on potato. dextrose agar. ....2. 70. sec. - eee 16 
SPOREMGEcMINatiON oviet.i 2 cs cod semen at einen) aesles cee 18 
Effect of hydrogen-ion concentration and temperature on spore germination 21 
DMG E CHI ON pc levies avn agus Sssra_o-o 'n ea Hoek gee: diene DIAS © Sean ee roe ene 25 
Influencer or type Of ‘SOtl. . «ccc s Hoh. Bien nan onal 2 ae 27 
Infldence Tot sOmsmoisture si..2 6.00 sis) ei hue 0 ee Ge ciena es dhe ne ee 31 
Tnfluence of soil fertility... 2000 wet wares We ois ca a eee er 30 
Comparison of several root-rot causing organismS...........-.++-++2+-++--s 40 
Stmmernyi and! (conclusiomsic. cc. 3c5. chon o> oa cin omnis ae eee ene ee 44 
aterature “Crted: 5 cae sisccntare aide tis pesilers bis e esse orees ele aiee Ogee ee 47 
ILLUSTRATIONS 

Fig.1. Types of curves obtained from measuring length of spores of 
Helminthosporium sativum produced on potato dextrose........... II 

Fig.2. Length of spores produced on potato dextrose agar at various 
HEMI PErature|s: Fo iescvaveseressicieieiss fee 0 © ian 'ele -e ele eee ie eheene lees = se Gees 15 
Fig.3. Length of spores produced on’ different substrata at 24° C............ 16 
Fig. 4. Growth of H. sativwm on potato dextrose agar in Petri dishes....... 17 

Fig.5. Daily rate of growth of H. sativum on potato dextrose agar in Petri 
GISHES s -Dccte.1 oh my eicteialc olaceia ciatd wie  Gibs -oiduseeuetereta ars MST ee ee 18 

Fig. 6. Percentage germination of spores in phosphoric: acid-potassium 
hydroxide solutions of various hydrogen-ion concentrations....... 23 

Fig.7. Percentage germination of spores in Czapek’s solution minus the 
sugar at various hydrogen-ion concentrations..................+:- 24 

Plate I. Helminthosporium sativum P.K.B. grown on potato dextrose agar 
at aditnerent, teiperatiines mmm see erates vo 49 

Plate Il. Helminthosporiwm sativum P.K.B. grown on potato dextrose agar 
at different temperatures............ (od eid etenc’o dle 100 «7 50 

Plate III. Marquis wheat showing effect of Helminthosporiuwm root-rot in 
different: <Soils. . 0c. as avis De cece atkins wa ae celine 4. yee 51 

Plate IV. Lion barley plants, 3 weeks old, growing on soils inoculated with 
Various Organisms: \..ic2 dee ascern c acute e<ieeaae. Gi0o; a sn 52 

Plate V. Lion barley plants 3 weeks old showing effect of soil organisms 
on{development of root systems ..5.: 02.6 sacl ece. +> 0+ seen 53 


Plate VI. Lion barley plents, 3% weeks old, showing effect of root infection 
by. Ai satioum: PAK. Bisse. oa dain tes ele tee vice O50. +" eee 54 


FACTORS INFLUENCING THE PATHOGENICITY OF 
HELMINTHOSPORIUM SATIVUM 


By Louise DosDALL, 


INTRODUCTION AND HISTORICAL REVIEW 


In 1910 Pammel, King and Bakke (g) described a new Helmin- 
thosporium disease of barley which they called “late blight.” The 
causal organism was named Helminthosporium sativum n. sp. Pammel, 
et al., had observed the disease in Iowa in 1907 and 1908. In 1909 it 
was very serious. In the same year, they report that it was also found 
in South Dakota, Minnesota, and Saskatchewan. These authors de- 
scribe the disease as follows: “Brown spots of irregular outline occur 
upon the leaves causing them to turn brown. The leaves are easily 
broken up, and in some cases completely destroyed. The disease also 
occurs upon the glumes, spikelets and seed. The straw at harvest 
is dull brown, and instead of standing erect becomes a tangled mass. 
The date of ripening of the grain corresponds with the time of full 
development of the late blight.” They observed that there was con- 
siderable difference in varietal susceptibility, the degree of infection 
ranging from o to 100 per cent. Late blight was considered the most 
serious disease of barley in Iowa. 

In 1913 A. G. Johnson (7) differentiated clearly the three Helmin- 
thosporium diseases of barley in Wisconsin, and he designated the one 
caused by H. sativum P.K.B., the “American blotch disease.” 

Louise Stakman (11), in 1920, showed that a Helminthosporium 
similar to the organism described as H. sativum by Pammel, King 
and Bakke, but isolated from various parts of diseased wheat and rye 
plants, was capable of causing a serious seedling blight of these hosts, 
and could also attack the older parts of the plants, namely, the leaves, 
nodes, culms, roots, glumes, and grains. In addition to wheat and 
rye, successful infections were obtained on barley and a number of 
grasses. In the spring and early summer of 1919, serious attacks of 
seedling blight caused by Helminthosporium occurred in practically all 
the wheat-growing regions of Minnesota. 

F. L. Stevens (12), also in 1920, reported that a species of 
Helminthosporium was constantly associated with foot rot disease of 
wheat in Madison County, Ill. Inoculations with the organism gave 
positive results. He concluded that Helminthosporium was the cause 
of the disease. 


1The writer wishes to express her appreciation to Dr. E.-C. Stakman, under whom the 
work was done, for advice and criticism, and to Mr. M. N. Levine for his helpful criticism in 


the presentation of the biometrical studies. 
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In January, 1922, Hamblin (5) reported a Helminthosporium foot- 
rot disease of wheat in New South Wales, Australia. The disease 
symptoms are very similar to those of the true take-all caused by 
Ophiobolus graminis Saccardo, but there are distinguishing characters. 
Hamblin’s description of the foot-rot in Australia corresponds very 
closely with that of Mrs. Stakman and of F. L. Stevens. His descrip- 
tion of the poorly developed root system with an abnormal develop- 
ment of root hairs close to the culm, giving the dead or dying root a 
“fuzzy” appearance, and the frequent growth of secondary roots above 
the first node of the affected straws, applies equally well to conditions 
observed in Minnesota during 1921. In Hamblin’s opinion, the Hel- 
minthosporium disease was responsible for far more damage in 1921 in 
Australia than was the better known take-all. 

In recent years, a foot-rot disease of cereals, particularly wheat, 
rye, and barley, has been destructive in certain localities in Minnesota. 
This was especially true on certain peat lands in Anoka and St. Louis 
counties and on some of the sandy soils in Anoka, Nicollet, and 
Mahnomen counties. A Helminthosporium of the sativum type has 
been consistently isolated from the diseased plants. This organism 
is very widely distributed throughout the cereal growing region. The 
severity of its attack apparently must be greatly influenced by eco- 
logical conditions. In order to obtain more detailed and accurate in- 
formation concerning these conditions, a study of the physiology of 
the fungus, to the extent of its possible correlation with the pathogenicity 
under given conditions, was undertaken. 


PROBLEM 


In this study attention was directed primarily to the root- and foot- 
rots caused by H sativum. Little attention was given to secondary in- 
fections on leaves and heads. The soil environment was, therefore, 
of chief concern. In analyzing the factors which might influence the 
development of a disease of this type, temperature, moisture, and 
acidity would affect the growth of both the pathogene and the host, 
and possibly also the reaction between the two. The vigor of the host 
conceivably might greatly influence the development of a disease caused 
by a facultative parasite, such as H. sativum. The type of soil in 
which they grew and the available nutriment might, therefore, change 
the balance between host and pathogene. It is difficult to separate 
and analyze the individual factors, because certain combinations intro- 
duce various complexities which are difficult to interpret. 

The following phases of the problem were investigated especially: 

1. Relation of temperature to the growth of the fungus, to spore 

germination, to infection, and to the development of the disease. 
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. Relation of hydrogen-ion concentration and temperature to spore 
germination. 

. Development of the disease in various types of soil. 

. Influence of soil moisture on the development of the disease. 

. Influence of soil fertilization on the development of the disease. 

. Comparison of several root-rotting organisms. 

. Morphological variation in the fungus with regard to its specific 
identity. 


1) 


N DU W 


METHODS 
SOURCE OF PATHOGENE 


During the spring and summer of 1920, tissue cultures were made 
from lesions caused by Helminthosporium on cereals and _ grasses. 
Twenty-two strains (isolations from various parts of different hosts 
or from different localities) of the sativum type were obtained from 
the roots, stems, nodes, leaves, and kernels of barley; from the roots, 
stems, leaves, and kernels of wheat; and from leaf spots of various 
grasses. Material was obtained from Anoka, Clay, Mahnomen, Nicol- 
let, Ramsey, and St. Louis counties in Minnesota; from Tennessee, 
and from Spruce Grove and Edmonton, Alberta. 

Seven of these strains were selected for preliminary inoculation 
experiments. As a virulent root-rotting organism was desired, only 
soil inoculations were made. Four-inch pots filled with soil were treated 
with live steam for two hours on each of three successive days. Six 
pots of such soil were inoculated with each of the various strains of 
Helminthosporum. For this purpose, spores were scraped from the 
surface of potato dextrose agar cultures and mixed with water. The 
suspension of spores was poured over the soil, and the pots were in- 
cubated for several days. Three pots which had been inoculated with 
each strain were then sowed with Marquis wheat and three with 
Manchuria barley (Minn. 105). Some infection was obtained in each 
case, on both the leaves and the roots. (The check plants were slightly 
infected, as the seed had not been treated.) The plants inoculated 
with strain 82a, however, were decidedly more heavily attacked than 
the others. This was especially true of the barley plants. A Helmin- 
thosporium of the sativum type was re-isolated from lesions on both 
the barley and the wheat. A single spore culture was then made from’ 
the original 82a culture, and all subsequent work was done with this 
single spore strain. 

Culture 82a was originally isolated from the darkened base of 
badly stunted barley plants sent to the laboratory from the peat plots 
on the Fens experimental field, St. Louis County, Minn., in the summer 
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of 1920. A similar Helminthosporium was isolated from the nodes, 
sheaths, and blades of the same plants. 

In addition to H. sativum, Alternaria was frequently obtained from 
blackened kernels and nodes; a pink Fusarium was sometimes found 
on the base of the stem and roots; and Helminthosporium teres Sacc. 
was occasionally isolated from the leaves and stems. 


SELECTION OF HOST VARIETIES 


In all experiments, the effect of the fungus on wheat and barley 
only was studied. In most cases where barley was tested, both Man- 
churia (Minn. 105) and Lion (Selection) were used. Manchuria is 
the barley most commonly grown in Minnesota. It is somewhat re- 
sistant to H. sativum, as shown by the work of Pammel, King and 
Bakke (9), of Hayes and Stakman (6), and of Christensen (3). For 
this reason it was used in the breeding work of Hayes and Stakman. 
It was crossed with the smooth-awned Lion, which is very susceptible 
to Helminthosporium, in an attempt to obtain a high yielding, smooth- 
awned, resistant variety. 

Marquis (Minn. 1239) was used in most of the experiments with 
wheat. In some cases Haynes Bluestem (Minn. 169) also was used, 


CHECK PLANTS 


Since it is difficult to obtain seed entirely free from Helmintho- 
Sporium, especially in susceptible varieties, it was necessary to treat 
the seed in order to reduce infection in the check plants to a minimum. 
Silver nitrate was found to be the most useful disinfectant because 
the seed coats of both barley and wheat are impermeable to it (10), 
and the seed can be soaked for a long time in the solution without 
being injured. It also is more effective, especially against Helmintho- 
Sporium, than mercuric bichloride. For experimental purposes, the 
method of seed treatment followed was essentially that recommended 
by Schroeder (10). The seed was dipped in 50 per cent alcohol to 
remove the air from the surface, soaked‘ over night in N/1oo silver 
nitrate solution, dipped in a dilute sodium chloride solution to precipi- 
tate as insoluble silver chloride the silver nitrate remaining on the 
surface of the seed, washed thoroly in running tap water, and dried. 
Such treatment reduced the germination of Lion barley from go per 
cent to 78 per cent, and of Marquis wheat from 99 per cent to 97 
per cent. 
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SBE CHIGIWENTITY OF THE PATHOGENE 


Three species of Helminthosporium are known to occur on barley 
in the United States. These are readily distinguished on the host by 
the symptoms. H. gramineum. Rabh. causes the systemic stripe disease 
characterized by long, narrow, yellowish to brownish spots on the 
leaves and sheaths. Many spots often coalesce to form parallel stria- 
tions which run more or less the entire length of the blade and often 
down the sheath. Eventually the leaves may be reduced to shreds. 
H. teres. Sacc. and H. sativum P.K.B. both cause local lesions which 
are characterized by peculiar blotches on the leaves. H. teres causes 
the European blotch or net blotch disease. The spots are yellowish 
brown in color, irregular in shape, and are scattered on the leaves. 
When held to the light, a characteristic net work is apparent. H. 
sativum causes the spot blotch disease characterized by irregular red- 
dish brown spots on the leaves. The spots are usually longer than 
they are broad, and, when abundant, may tend to form stripes. 

These three species also may be distinguished readily by their 
growth on potato dextrose agar. H. gramineum grows slowly, forms 
a fluffy, aerial mycelium which does not sporulate (at least not readily), 
and usually gives the medium a reddish or purplish tinge. H. teres 
also grows rather slowly. The mycelium grows very close to the 
surface of the agar. The color of the reverse side of the colony is 
greenish black. Grayish white tufts of mycelium are formed irregu- 
larly on the surface of the colony. Cylindrical, thin-walled spores are 
formed, but usually they are not abundant. In contrast to both these 
species, H. sativum grows very readily and sporulates abundantly, 
forming a flat, black or greenish black colony on agar. The abundance 
of conidia gives the surface a powdery appearance. Organisms similar 
to the one isolated from typical barley spot blotch have been isolated 
hundreds of times by workers in this laboratory from various parts 
of barley, wheat, and rye plants, and from numerous grasses. 

Pammel, King and Bakke (9) described the spores as cylindric 
in shape, straight or curved, slender, widest at the middle, from 105 
to 130 microns in length by 15 to 20 microns in width, pale greenish 
gray to dark brown in color, with 7 to 14 cells. Later workers have 
found much shorter spores, altho observations on shape agree fairly - 
well. Johnson (7) states that the spores are narrowly spindle-shaped, 
usually more or less curved. Mrs. Stakman (11) describes the spores 
of the organism with which she worked as either straight or curved, 
dark blue-green to brown in color, averaging 41 by 20 microns ini size, 
and containing from 3 to 8 septa. Two types were isolated from dis- 
eased wheat: one a fuscous type measuring 35 by 22 microns and 
containing from 3 to 4 septa; the other straw-colored to fuscous, 
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measuring 60 by 20 microns, and containing from 4 to 7 septa. Both 
of the latter are described as elliptical in shape. 

Stevens (12) makes the following statement regarding the form 
causing the foot-rot of wheat: “The spores, observed as grown on 
autoclaved wheat leaves or stems in humid air, are from 24 to 122 
microns long, the majority of them falling within the limits 80 to 90 
microns, with septa or pseudo-septa varying from o to 13, usually 
5 to 10. The spores are usually typically thickest in the region about 
midway between the base and the middle point of the spore, approach- 
ing a narrow or broadly elliptical shape, tapering somewhat toward 
each end. They possess an outer dark wall that is thin and extremely 
fragile and an inner, colorless, thick wall that is frequently soft and 
gelatinous . . . The spores usually, perhaps always, germinate 
either from one or both ends, not laterally, and are functionally only 
one-celled.” 

After making a large number of isolations from Helminthosporium 
lesions on barley, wheat, and fye, great variations were found in the 
size of the spores of the various cultures, altho they resembled each 
other more or less in shape and color. In order to find out just what 
variations might be expected in one strain, as a guide to the interpreta- 
tion of the species, a single spore was again isolated from culture 82a 
and a biometric study was made of the spores produced under various 
conditions. 

The single spore was planted on a potato dextrose agar slant and 
incubated at 24° C. for ten days. Transfers were then made to potato 
dextrose agar and to ripe autoclaved barley heads. Agar cultures were 
incubated at the following temperatures: 5°, 14°, 18°, 24°, 28°, 32°, 
and 36° C. The cultures grown at 5° and 36° did not produce spores. 
The barley head cultures were incubated at 24° C. Fresh barley 
leaves were taken from the greenhouse, placed in moist chambers, 
inoculated with spores of the same culture, and incubated at 24°. The 
length of time required for the cultures to sporulate at the different 
temperatures varied considerably; those, at 24°, 28°, and 32° were 
ready for measurement in 16 days, while those at 14° required 37 days. 
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Spores from these various sources were then measured for length. 
In all cases, measurements were made with a Bausch and Lomb micro- 
scope, using the 4 mm. objective and an eyepiece micrometer calibrated 
so that one space was equal to 3.4 microns. It was observed that at 
an extreme temperature, such as 32° C., there was a great deal of 
variation in length and a large number of measurements would be re- 
quired to obtain a normal curve. Data were therefore recorded for 
the measurements of 100, 300, 500, and 1000 spores. From these data 
the mean was calculated for each group and the differences were com- 
pared in relation to the probable errors, according to the methods given 
by Babcock and Clausen (2). These data are summarized in Tables I 
and II. For 100 spores the mean was found to be 62.30 + 0.85 microns ; 
for 300 spores 57.44 40.57 microns; for 500 spores 59.66 + 0.45 
microns; and for 1000 spores 59.07 + 0.31 microns. Their accuracy 
can be seen by comparing these results with their probable errors. In 
Table II the comparison of the means for too and 300 spores with 
the means of each of the other three groups, shows that the difference 
between any two is from 3 to 5 times the probable errors of the differ- 
ence. This borders on the verge of a significant difference, so that 
100 or perhaps even 300 spores are scarcely enough to use as a basis 
for drawing conclusions. When the mean for 500 spores is compared 
with that for 1000, the ratio is 1:1. The results obtained by measuring 
1000 spores are only very slightly more accurate than those obtained 
by measuring 500 spores. The difference is certainly not great enough 
to necessitate the measurement of the second 500 spores. | 


TABLE II 
Summary or Comparisons Between Means AND CoErrFICIENTS OF VARIABILITY FoR LENGTH OF 
Spores or Helminthosporium sativum OpTaIneD FROM MEASURING POPULATIONS 
or Dirrerent Size (From Data SUMMARIZED IN TaBieE TI) 


| Means | Coefficients of variability 
Conditions | , | Difference divided by 5 Difference divided by 
compared | Difference | the probable error | Difference the probable error 
= of the difference | of the difference 
No. of spores | | | 
= bi = | “ =e 
roo and 300 4-861.02 | 5 | 5-411.73 3 
= ao) eee | = 
too and 500 2.64+0.96 | 3 | 4, 66-53 037 4 
i] 
=| a: ba 
100 and 1000 3-23-0.91 | 4 | A. ft 1.24 3 
| 
= = 
300 and 500 Daye = || 3 | 0.75+0.93 I 
* ee. | 
300 and 1000 1,63 -+0.65 | 3 | 1.30+0.85 2 
500 and 1000 0.59+0.55 | I 0.55+0.68 I 7 
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These comparisons are perhaps brought out more clearly by the 
curves in Figure 1, in which the data obtained from measuring the 
different lots of spores have been plotted after grouping the measure- 
ments into 10 micron classes. The lowest curve, representing 100 
spores, very clearly does not give a true index of the lower extreme 
of the total population. This explains why the mean obtained from 
100 spores is too high. The three succeeding curves show that, as 
the number of individuals increases, the curve gradually approaches 
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Fig. 1. Types of Curves Obtained from Measuring the Length of 100, 300, 500, and 1000 
Spores of Helminthosporium sativum Produced on Potato Dextrose 
Agar at 32° C. 


12 TECHNICAL BULLETIN 17 


a normal one. In general contour the 300-spore curve and the 500- 
spore curve approach the rooo-spore curve, altho the first is somewhat 
more irregular. The slight rise at the lower extreme indicates that 
the short spores tend to group themselves about a mode of their own, 
It is possible that improvement in the method of sampling might in- 
crease the accuracy of the results obtained from a smaller population. 
In the present study about 100 spores were measured from one mount. 
The spores were distributed as evenly as possible in the drop of water 
and each spore was measured in passing systematically over the slide 
from the upper left to the lower right hand corner. An attempt was 
made to make the mount so that two or three spores would come into 
the field at once. For all other conditions, 500 spores were measured. 

Results obtained in the study of the morphology of spores de- 
veloped on potato dextrose agar at various temperatures are interesting. 
Table III shows very little difference in the means of spores de- 
veloped at 18° and 24°. From the comparisons in Table IV it is seen 
that these differences are insignificant. If, however, we examine the 
coefficients of variability, we find that there is a significant difference 
in the amount of relative variation in the length of spores. This fact 
is very clearly brought out in the curves in Figure 2. The degree of 
variation is not increased by a temperature 4 degrees lower (14° C.), 
but the mean length of the spores is slightly increased. This may be 
due to the fact that at a lower temperature the black outer wall on 
the spores and mycelium is laid down much more slowly, so that the 
spores have a longer time in which to form. This is further sub- 
stantiated by the fact that at 32° the spores are very much shorter. 
The amount of relative variation is practically the same as at the 
lower extreme. These differences in length of spores produced at 
various temperatures are graphically represented by the curves in 
Figure 2. | 

The most striking difference in spore morphology was obtained 
by comparing the spores produced on different media.. As the fresh leaf 
and the autoclaved head cultures were incubated at 24° C, we may 
compare these results with those obtained from the agar culture at 
24° C. Comparing first the spores from the head and from the agar, 
we find that the former are slightly longer. The amount of relative 
variation in the two is practically the same. On the fresh leaves, 
however, the spores are very much longer and decidedly more uniform. 
These differences are illustrated in the curves in Figure 3. 
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TABLE IV 


Summary oF Compartsons BerweeEN MEANS AND COEFFICIENTS OF VARIABILITY FOR LENGTH OF 


Spores oF Helminthosporium sativum Propucep Unper Dirrerent CoNnDITIONS 
from Data SumMarRiIzeD 1n Taste III. 


Meana Coefficients of variability 
Conditions Difference divided by \ Difference divided by 
compared Difference the probable error Difference the probable error 
of the difference of the difference 
74°C. and 18° © 2.3040.75 3 o,80+0.86 1 
14° C. and 24° C, 1.57+0.66 2 8.62+0.74 12 
14° C. and'28” CG; 11.3420.65 17 6.81+0.77 9 
14° C. and 32° C, 7.66+0.71 11 2.48+0.83 3 
18° C. and 24° C. 0.73 +0.64 I 7.8220.73 11 
18° C, and 28° C 9.04 0.63 14 6.01+0.76 8 
18° C, and 32° C. 5.36+0.68 8 1.68+0.82 Bg 
24° C. and 28° C. 9.7720.51 19 1.81-+0.62 3 
ga° Co and:32°C. 6.09+0.58 It 6.14 +0.69 9 
28° C. and 32° C 6.32+0.°6 . i 7-4420.73 | To 
Head end leaves 15.40+0.47 | 33 7-49240.47 | 16 
—* | 
Head and azar 
aan Cs 1.99+0.53 4 0.04+0.57 oO 
Leaves and ag>r | 
24° C. 17.3920.47 | 37 | 7.53-£0.48 16 
——— a = 
Leaves and agar 
28° C. | 27,160.45 60 9.34+0.52 18 


These facts show that in a single spore strain of a Helmintho- 
sporium of this type, marked variations may be found in the length 
of spores developed under various conditions. Differences in spore 
measurements by various authors are therefore to be expected, and 
very fine specific or varietal differences can not be drawn on, the basis 
of spore size unless a large number of carefully controlled compara- 
tive studies have been made. Seemingly, the original spore meas- 
urements given by Pammel, King and Bakke are rather large (105 
to 130 microns). Stevens has come nearest to approaching this length 
with a maximum of 122 microns. The same author states that the 
majority of his spores fall within 80 to 90 microns. By examining 
Table III it will be seen that the majority of the spores developed 
upon fresh barley leaves in a moist atmosphere fall within the 80 and 
go classes, or within 75.0 to 94.9 microns. Out of 4000 spores meas- 
ured, only 43 were longer than 100 microns. On the fresh leaves the 
longest spore measured was only 115.5 microns. However, the opti- 
mum conditions for maximum and minimum spore length have not 


ee 


PATHOGENICITY OF H. SATIVUM 15 


necessarily been obtained in these studies. On the basis of spore 
shape and similarity with the organism obtained from typical spot 
blotch lesions and the ability to produce spot blotch symptoms on barley, 
the organism undoubtedly should be included in the species Helmin- 
thosporium sativum P.K.B. 


Number of spores 


Length of spores (microns) 


Fig. 2. Length of Spores of Helminthosporium sativum Produced on Potato Dextrose Agar 
at Various Temperatures 


The shape of the spores was found to be more or less the same 
tnder various conditions. At 24° and 28°, the spores tended to be 
fat, spindle-shaped to broadly elliptical, sometimes slightly curved. 
At 32° the thickening in the middle was less evident, and they tended 
to be more uniform in diameter. The~small spores were globose to 
ovate. At 14° the longest spores were mostly narrowly cylindrical. 
There was a marked tendency for the thickened portion to occur 
nearer the base than the apex, giving the spore the shape of a slender 


flask: 
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Throughout the culture work, bizarre forms frequently appeared, 
especially forked spores which were sometimes almost stellate. Seven 
or eight such single spores were isolated and planted on agar slants. 
In each case normal spores were produced and the bizarre type occurred 
so rarely that it was quite impossible to isolate another single spore of 
the same shape from the progeny. 
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Fig. 3. Length of Spores of Helminthosporium sativum Produced on Different 
Substrata at 24° C. 
The solid line represents spores produced on autoclaved ripe barley heads; the line with 
short dashes, spores produced on potato dextrose agar; the line with alternate long and short 
dashes, spores produced on fresh barley leaves in a moist chamber. 


TEMPERATURE RELATIONS 
GROWTH OF FUNGUS ON POTATO DEXTROSE AGAR 


In determining the temperature relations of H. sativum, the first 
problem studied was the growth of the fungus in pure culture. In all, 
four series were run to determine the range of growth, the same gen- 
eral method being used in each. Thirty cubic centimeters of potato 
dextrose agar were poured into petri dishes ro centimeters in diameter. 
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The plates were inoculated in the center and incubated at the various 
temperatures. Each series was run in triplicate. The diameter of the 
colony was taken as the index of growth. In some cases it was impos- 
sible to control the temperature within several degrees, so that one series 
can not be checked quantitatively against the other. Different lots of 
potato dextrose also were used in the different series. The results of 
two series are given in Table V. In each case, the size of the colony 
represents the average of three plates. 


TABLE V 
EFrecTt OF TEMPERATURE ON GROWTH OF Helminthosporium sativum on Potato Dextrose Agar 
First Series Second Series 
(Feb. 28—March 3, 1921) (Dec. 15-22, 1921) 
Temperature, ' Diameter of colony | Temperature, Diameter of colony 
degrees C. (after 9 days) dezrees C. (after 7 days) 
: mm. | | mm. 
o- 2 4 3-6 9 
6- 8 14 | 12-13 18 
13-15 28 15-18 30 
Lyf ee, 2 | 20-23 | 77 
21-24 SI 27-28 &y 
30-32 36 | 31-33 35 
34-35 13 35-39 
40-42 Om ee Dee meme ah cvs. 6 
1/0. 


60 


40 


r of Colony (millimerers) 


20 


Diamesr 


Temperature (°Centigrade) 
re) g 1/0 1S 20 25 30 35 40 


Fig. 4. Growth of Helminthosporium sativum on Potato Dextrose Agar in Petri Dishes 
The curve represents the diameter of the colonies at the end of seven days. 


Data obtained in the second series are shown graphically in the 
curves of Figures 4 and 5. Figure 4 shows the relative growth of 
the fungus at the various temperatures after seven days. Figure 5 
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shows the daily rate_of growth at each of the temperatures tested. 
Plate I shows the final appearance of the colonies in the first series, 
Plate II in the second. 

From these results we may conclude that the minimum temperature 
for the growth of Helminthosporium sativum lies near 0-2° C., the 
maximum temperature between 35° and 39° C. and the optimum be- 
tween 24° and 28° C. 
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Fig. 5. Daily Rate of Growth of Helminthosporium. sativum on Potato Dextrose Agar in 
Petri Dishes 
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SPORE GERMINATION 


In the first series of studies to determine the effect of temperature 
on spore germination, hanging drop cultures were made on the covers | 
of petri dishes, using distilled water and Czapek’s solution, minus the 
sugar, as media. The spores were taken trom a six-days-old bean 
agar culture. Germination counts were made after 48 hours.. The 
results are given in Table VI. 


TABLE VI 


SporE GERMINATION OF H., sativum in DisTILLED WATER AND IN CZAPEK’S SOLUTION AT 
Various TEMPERATURES 


Tempera- | Distilled water Pu 6.7 Czapek’s solution—sugar Pu 6.0 
ture, de- | _- -—- — oo - — -— = 
grees C. 1st 2nd 3rd 4th. | Ist and | 3rd 4th | 
drop drop | drop drop | Av. | drop drop | drop drop Av. 
| % Tan | Ta % % To We %o % To 
I I =) I i" I 20 if) | 15 10 14 
: | zs : 
6 1 x) | Nex 13-55) so)" ese 40 50>** 42 
- | | = —= 
14 10 20 Wee ste el Ge 555 Ou. te 102 40 52 
18 | 40 40 30 37 66 | 50 60 59 
ef: es : | 
24 68 41 44 58> te 185 S6e ars 75 80 
30 | 45 65 | 48 41 | 50 77 70 59 80 72 
34 | 50 60 Ker) 3G 50 25 42 38 
| 
42 ) O) o ) | One| 0 O-*| co) ro) ro) 


With the exception of the results obtained at 34° C., a higher 
percentage of germination was obtained in Czapek’s solution than in 
distilled water. In both cases the optimum occurred at 24°. At a 
temperature of 1° C. 14 per cent of the spores germinated in Czapek’s 
solution, while less than 1 per cent germinated in distilled water. At 
42° no germination occurred in either case, while at 34° the germina- 
tion in distilled water was practically the same as at 30°, but in Czapek’s 
solution a marked inhibition occurred at the higher temperature. 

After trying various methods for germinating spores, including 
hanging drops in-petri dishes, im van Tieghem cells, films on slides 
in moist chambers and in, moist atmosphere, the most satisfactory 
method proved to be floating the spores on the surface of a thin layer 
of a liquid medium in Syracuse watch glasses. In such cultures the 
spores can be counted directly on the surface under the low power of 
the microscope. 

In several series, through the different temperature ranges, con- 
sistently high percentages of germination were obtained at the extreme 
temperatures when water which had been redistilled over glass was 


: 
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used. Fluctuations occurred in the different cups at any one tempera- 
ture. The results given in Table VII are typical. The percentages 
given in the table represent the average of several counts. 


TABLE VII 


Spore GERMINATION oF H. sativum 1N REDISTILLED WATER AT VARIOUS TEMPERATURES 


Average percentage of germination 


Spores lying on 


Spores floating on | 
Temperature, degrees C. surface of water | bottom of cup 
iz f : | Z 
| 
| 


5,5 0-5 | 87 76 

‘> te = | - * aE ir wen 
17.0-19.0 foe - ee | 37 

21 oe ; iB | 2) 61 
28.0220 5 |-* 76 2 | : 66 
30.5-32.0 | pares: asa a | 46 
34-0-35.0 ) fOTs, 65 z | 63 
38.0-39.0 j 2 ie 65 


In a second series, using hanging drops in petri dishes, 67 per cent 
of the spores germinated at 6°, 54 per cent at 12°, 79 per cent at 18°, 
QI per cent at 22°, 72 "per cent at 28°, 91 per cent at 29-30°, 80 per 
cent at 32°, 82 per cent at 35°, and 87 per cent at 30°. 

In a third and fourth series in watch crystals, the spores were not 
counted but the germination was indicated as poor, moderate, and 
good. After 24 hours incubation, in these series, the germination 
was poor at 6°, moderate to good at 12°, 18°, and 22°, and good at 
the higher temperatures. By count, 89 per cent of the spores germinated 
at 39°. At the end of 48 hours the germination was good at 6°. 

From these results with redistilled water it is difficult to detect | 
any quantitative effect of temperature on the number of spores which 
germinate. Even at 1° C. a small number of spores will germinate. 
This, however, is probably very near the lower limit. At the lower 
temperatures, 1°, 6°, and 12°, pieces of mycelium in the cultures 
always germinated much more readily and sent out longer tubes than 
did the spores. At 40-42° no germination occurred in the first series 
for which the results are given. In later series, however, high germi- 
nation sometimes occurred at 38-39°. Comparing these results with 
the data presented in Table V, we find 35-39° to be the maximum 
temperature for the growth of the mycelium on potato dextrose. At 
temperatures as high as 35° and 39° the germ tubes appeared very 
quickly, but were always short and did not increase much in length 
after two or three days. On the other hand, at 22°, 28°, and 32°, 
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the tubes formed such a mat of mycelium by the end of 24 hours that 
it was often difficult to determine the percentage of germination. At 
the lower temperatures a longer time was required for the germ tubes 
to appear, and they increased in length very slowly. 

In redistilled water, therefore, spores of H. sativum germinate 
about equally well at temperatures from 6° to 39° C. No.very 
definite optimum temperature for germination is apparent. The char- 
acter of the germ tubes and the length of time in which they appear, 
however, would indicate that an optimum temperature lies between 
22° C. and 32° C. From these results it would seem that for the 
above-ground parts of the host, temperature is not a limiting factor 
in infection so far as spore germination is concerned. 

From the data in Table VII it will be seen that in most cases the 
percentage of germination of the submerged spores is only slightly less 
than that of those on the surface. In all cases, however, the germ 
tubes produced under water were very short and abnormally branched 
in comparison with the long straight tubes produced on the surface. 

The germ tube first appears as a hyaline tip at the apex of the 
spore. It is difficult to determine whether the tube breaks through 
the wall or emerges through a pore. After the tube has increased in 
size, the delicate exospore is split, sometimes for a third of the length 
of the spore. A second tube soon appears at the base of the spore, 
just to one side of the scar where the spore was attached to the sporo- 
phore. The connection between the two tubes is continuous through 
the spore, showing the false nature of the septation in the endospore. 
The endospore is frequently drawn away from the exospore and forms 
a constricted tube through the latter. Two germ tubes are not always 
formed from each spore. In one lot of spores germinated in redis- 
tilled water at 22° C., it was found that 52 per cent of the spores pos- 
sessed germ tubes at both ends and 39 per cent at only one end. Nine 
per cent of the spores did not germinate. Very rarely lateral tubes 
are found. One spore was observed with a lateral germ tube from 
each of five adjacent cells at one end of a ten-celled spore. In a few 
other cases, one or two lateral tubes were observed, usually arising 
from central cells. Fusions between germ tubes are very common. 


EFFECT OF HYDROGEN-ION CONCENTRATION AND TEMPERA- 
TURE ON SPORE GERMINATION 


As so many spores always germinated in redistilled water at the 
various temperatures which permitted germination at all, the effect of 
hydrogen-ion concentration on germination was studied. Culture solu- 
tions, based on Clark and Lub’s (4) titration curve for ortho-phosphoric 
acid, were made by adding varying quantities of n/5 KOH to 50 cc. 
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n/s H, PO, to give a series of hydrogen-ion concentrations ranging 
from pH 2.4 to pH 12. The pH value of the solutions was deter- 
mined colorimetrically, except for the highest three alkaline solutions 
for which the theoretical value according to the curve is given. Spores 
from a seven-weeks-old barley head culture were dusted over the 
surface of the solutions in Syracuse watch glasses. The percentage 
of germination was determined after 18 hours and after 36 hours. 
Similar series were run in triplicate at 19°, 24°, and 32° C. The 
results are given in Table VIII. 
TABLE VIII 


Spore GERMINATION OF H. sativum 1n Hg POgs—KOH Sorutions oF Various HyDROGEN-ION 
CoNCENTRATIONS AT DIFFERENT TEMPERATURES 


| | Germination 
| es te =e = es 
pH | Hours . TO° GC: | eas Ge | 32° C. 
| = as eee ee. ps = es =e 
__ Seales 
| | % | % | % | % | % | % % | %, | % | eee eeeommnnee 
2.4 } 18 o | Oo | OS Ong SO! | o | Ona o |} °O | Oo | ° | {e} 
| 36 | eee Ba I 3 1 2 |) Omnia | 0, ane i Opa 
| - | | | | | | | ——— 
3.4 | 18 ear oan Ike wee Pete h lla, | One 8“, Tome aemo 9 
| 36 Hoes 4 y, 4 | 4 ° Bel aaee) | 10") 753 7 | 10 
E | | | | | 
4.4 18 15 17 14 T5 | \40,] 36 . 28 | 35 fe 4a |e 28 39 
36 ee 19 14 18 | AT e330 sl orOne eae | 31 53 27 28 
2 | b Sin = | | | 
| | 
5.2 18 | 27 1°28 |. 25 | 27°] 55 | 38 | 46 146 | gor) ieeene nee 
36 23 Eso 25 29, | 52 | 39 | 52 | 48 | 44 | 4 | 52 | 44 
—| | |— - 
ET Res gt | 25 | do | 33] S0°} 50 | 57.) S50.) 47 47 OnNNmeommmmeeet 
36 | 32 | 33 | 34 |.33 | 86 | 64 | 62 | 6x | 4u | [eeu eeemeeem 
: jes ee fale ees se wes nw 
7.0 18 40 42 60 A 7a 7i\- 79 74 86 76 72 76 
36 86 | 45 | 53 | 45 | 68 | 65 84 | 72 | 65 | 74 | 60 | 66 
, | 
| aes 
7.4 18 30 39 68 46 81 75 2 76 | 78 80 84 we 
36 34 | 60 | 67 | 54 | 85 | '83 | 73 | 80 | 72°) 830 87 Ver 
| bere gar € a7 in 
7.8 18 55 35 36 42 83 78 80 | 80 |'88 90 94 QI 
36. 30 | 34 | 35 “| 33 | 83°] 90 | 90 | 88) 07 | oqumoomlmon 
8.0 18 35 24 20 29 a2 62 68 67 72 65 74 70 
36 35 22,9) 380 32 7G OS meee 2 milan 75 79) \o Zoeller 
- —. wv eee 
8.2 18 21 18 18 19 60 43 50 51 70 80 90 80 
36 19 24 19 21 72 61 65 66 75 85 84 8r 
9.2 18 25 40 34 33 62 58 63 61 87 82 87 84 
36 36} 47 1-35 | 39, | 85 ‘50 | Gol || 72) 80) | Moonie namieon 
11.4* 18 22 | 22 | 20 | ar 33° 40) 332 Gl a5: "| Sates 82 | 83 
36 40.) 35) I» 36-|°937 | 73) | 74—| (82) | 76. | (86) osm oommmse 
mist 18 12 18 12 14 ° ° 8 3 40 26 39 35 
36 26 34 37 32 10 ° 20 10 30 69 48 39 
12.0* 18 co) Co) I Co) Co) Co) Co) ) ) I Ou ee 0 
36 2 14 bead hee) ° 22 ° Vi 9 35 to) 15 


* Theoretical value according to Clark and Lub’s titration curve for ortho-phosphoric acid, 
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After an incubation of 18 hours at 19° C. no germination was 
obtained at a hydrogen-ion concentration of pH 2.4. Very slight 
germination occurred at pH 3.4; while at pH 4.4 the germination 
showed a marked increase, rising steadily until a hydrogen-ion concen- 
tration of pH 7 was reached. From this point a gradual decrease oc- 
curred, reaching the lowest point at pH 8.2. At pH 9.2 there was a 
second rise followed by a gradual falling off, until at pH 12 no germi- 
nation occurred. After incubating for 18 hours longer there was 
scarcely any change in the amount of germination on the acid side. 
There was a slight increase on the alkaline side. 

At the higher temperatures the results were very much the same 
except that the percentage of germination was increased and the point 
of maximum germination was shifted slightly to the alkaline side. 
At both 24° and 32° the optimum germination occurred on the alkaline 
side of neutrality at a hydrogen-ion concentration of pH 7.8. A much 
greater increase in germination occurred at the higher temperatures 
on the alkaline side than on the acid. The average germination after 
18 hours incubation at the different temperatures is represented by 
the curves in Figure 6. 
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Fig. 6. Percentage Germination of Spores of Helminthosporium sativum in Phosphoric Acid— 
Potassium Hydroxide Solutions of Various Hydrogen-Ion Concentrations 


Webb (14) germinated spores of Aspergillus niger, Penicillium 
cyclopium, Fusarium sp., Botrytis cinerea, and Lenzites saepiaria in 
n/5 mannite solutions in which the hydrogen-ion concentrations were 
adjusted by the use of H, PO, and NaOH according to Clark and 
Lub’s titration curve for ortho-phosphoric acid. The results obtained 
with Fusarium sp. are the only ones comparable with those obtained 
with H. sativum in the wideness of the range of hydrogen-ion con- 
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centration which permits spore germination. It may be pointed out 
that both Fusarium and Helminthosporium are chiefly soil organisms. 
Among the organisms that Webb studied, only Fusarium responded 
favorably to an alkaline medium. Maximum germination occurred at 
hydrogen-ion concentrations of pH 2.8 and pH 7.4. From pH 6.2 
a steady increase in germination occurred with the increase in hydrogen- 
ion concentration up to pH 2.8.. From the same point, a steady increase 
in germination also occurred with the decrease in hydrogen-ion con- 
centration and practically the same maximum was reached at a con- 
centation of pH 7.4. Examining the data of H. sativum again, there 
is a steady decrease in germination from the neutral point with the 
increase in hydrogen ions up to a concentration of pH 2.4, where no 
germination occurred during 18 hours and only very slight germina- 
tion during 36 hours. However, the usual bimodal curve is obtained, 
but, in this case, both maxima occur on the alkaline side at hydrogen-ion 
concentrations of pH 7.8 and pH 9.2. With H. sativum, germination 
occurred chiefly in the alkaline solutions. 

A series of spore germination tests was also made in Czapek’s 
solution minus the sugar, with various hydrogen-ion concentrations 
ranging from pH 2.6 to pH 9.8. The results are represented by the 
curve in Figure 7. In this case also the bimodal curve was obtained. 
The first maximum, however, occurred on the acid side of neutrality at a 
hydrogen-ion concentration of pH 6. The second was on the alkaline 
side at a concentration of pH 8. 
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Fig. 7. Percentage Germination of Spores of Helminthosporium sativum in Czapek’s 
Solution Minus the Sugar at Various Hydrogen-Ion Concentrations 
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While the germination of H. sativum spores in these solutions is 
not necessarily the same as in a soil solution, certain general relation- 
ships may be pointed out. The spores will germinate through a wide 
range of hydrogen-ion concentration. Optimum germination occurs 
near the neutral point or on the alkaline side. The spores will tolerate 
high degrees of alkalinity. Germination studies in solutions more 
nearly approximating soil soiutions are still desirable from the stand- 
point of a closer analysis of the development of the disease. 


INFECTION 


Marquis wheat and Lion barley were grown under sterile conditions 
in test tubes containing white sand. When the seedlings were about 
an inch high, the coleoptile was inoculated with a suspension of spores 
and incubated at various temperatures. At 22°, 25°, and 30° C.-char- 
acteristic minute brown lesions were visible after 18 hours. At the 
end of five days no infection had occurred at 6° on the barley; very 
light infection was evident on the wheat. Light infection also occurred 
on both wheat and barley at 14° and 34°, and on wheat at 30°. Mod- 
erate to heavy infection occurred on both hosts at 22° and 25°, and 
also on the barley at 30°. In these cases, the typical basal browning 
characteristic of the seedling blight occurred. This was as far as it 
was possible to follow the disease under these conditions. The results 
indicate that infection will take place to some extent through a rather 
wide range of temperature from 6° to 34° C. but that for the severe 
development of the disease the range is narrower, probably 22° to 
30°. To some extent moisture, as well as temperature, was the limit- 
ing factor at the extremes. 

F. Li Stevens (13) reports that, “In an adaptation of the rag-doll 
seed tester, which allows the use of seedlings under aseptic conditions 
and variations of moisture and temperature as desired, inoculation by 
spores of Helminthosporium upon the uninjured sheath was followed 
within 24 hours by entrance of the mycelium into the host cells, and 
within 48 hours by a browned, diseased spot visible to the naked eye. 
Subsequently, when conditions favored, the mycelium invaded the inner-_ 
most leaves and caused general rotting and death. When inoculated 
upon the roots, there was general invasion of the cortex with very slight 
discoloration.” Stevens does not report under what conditions of tem- 
perature and moisture the disease developed best. 

An attempt was made to arrive at the temperature relations gov- 
erning leaf infection by inoculating fresh excised leaves with spores 
~ of H. sativum, placing them in moist chambers and incubating them at 
various temperatures. After incubating for 72 hours at 6° C., both 
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inoculated and uninoculated check leaves were dark green, turgid, and 
normal in appearance. No signs of infection were apparent. Micro- 
scopic examination showed that many spores had germinated but so 
far as could be detected from free hand sections, the germ tubes had 
not penetrated. After the same incubation period, at 12° C., very small 
blue-green water-soaked areas were visible at the points of inoculation. 
The remainder of the leaf tissue and the uninoculated check leaves 
were still green and normal in appearance. These water-soaked areas 
were not yet visible at the end of 48 hours’ incubation. At 18° C., by 
the end of the third day, there were green water-soaked areas on 
which conidiophores were beginning to appear on the inoculated leaves. 
The tissue of the leaves was still firm and the cells were turgid. While 
the infected areas retained a dark blue-green color, the rest of the 
leaf was yellow. The uninoculated check leaves were light green to 
yellow in color. After 72 hours’ incubation at 23°, 27°, and 30° C., 
there were large dark green blotches of infected tissue covered by a 
velvety mass of conidiophores. The leaf tissue was beginning to soften 
and the check leaves and non-infected areas were yellow. In the in- 
fected areas the cells were beginning to disintegrate, but the chloroplasts 
were still green. At 34° C. small water-soaked areas, 3 or 4 mm. in 
diameter, were apparent after 36 hours’ incubation. At this time the 
border was beginning to turn brown. By the third day, there were small, 
brown, definite leaf spots, similar to the normal lesions produced on 
leaves in the greenhouse and in the field. The remainder of the leaf 
tissue and the check leaves were yellow. 

Under the conditions just described, there was always an abundance 
of moisture, so that the difference in reaction must have been due to the 
influence of temperature on host and fungus. During the. first 36 
hours the results were probably more or less comparable to results 
obtained in growing leaves attached -to the plant; during the second 
36 hours, at some temperatures at least, the relationship was probably 
saprophytic. The most that can be claimed for results obtained in this 
way is that they are only indicative of what may happen on growing 
plants. 

The results obtained from these experiments would indicate that 
at temperatures of from 18° to 30° C., penetration into the leaf will 
take place about equally well in the presence of sufficient moisture. 
Below 24° the spots increase in size more slowly, above 24° more 
rapidly. At 12°.a much longer incubation period is necessary for the 
development of water-soaked areas than at higher temperatures. At 
6° no visible infection was obtained. At a temperature as high as 34°, 


on the other hand, the development of the spots and the browning of 
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the host tissue occurred so rapidly that further development of the 
fungus was checked. 

While no control experiments were made with soil or leaf infection 
on growing plants, results obtained in the greenhouse agreed in general 
with those obtained on the temperature relations of the fungus. When 
the average temperature was between 75° and 85° F., much better infec- 
tion was obtained than when the average was lower. Better results 
were obtained on an inner bench over the steam pipes than on an outer 
bench next the outside wall on the west end of the house where it 
was always cool, and vigorous plants developed in spite of heavy soil 
inoculation. 

These results also agree with those reported by McKinney (8). 
He says, “Controlled soil temperature experiments, conducted in the 
‘Wisconsin temperature tanks,’ and field experiments show that seedling 
infection in both spring and winter wheat and in spring barley is great- 
est at relatively high temperatures. The optimum temperature appar- 
ently lies between 26° and 28° C. This is very near the optimum rate 
of growth of H. sativum in pure culture.” 


ENE LUENCEAOR TYPE OF SOIL 


The statement has already been made that particularly severe infec- 
tions of Helminthosporuim foot- and root-rots were observed during 
the summer of 1920 on sandy soils and on peat soils in certain localities 
in Minnesota. Consequently one of the first tests undertaken was a 
study of the development of the disease in different types of inoculated 
soil in order to gain, if possible, an insight into the individual factors 
which might be influencing the situation. 

A heavy loam, a sandy loam, a sand, and a peat soil were selected 
for use. The heavy loam was a black dirt used without modification ; 
the sandy loam was obtained by mixing two parts of the heavy loam 
“with one part of quartz sand; and the sandy soil by mixing one part 
of the heavy loam with two parts of coarse sand. All this soil was 
passed through a 5-millimeter mesh screen before being packed into 
the pots. The peat was a high-lime peat obtained from Anoka County 
through the Division of Soils, and fertilized according to directions 
with acid phosphate and potassium chloride to secure maximum yield 
from this particular type of soil (1). 

Small pots of steam-sterilized soil were planted with Marquis wheat 
and Lion barley. After the seeds were planted, the soil was watered 
several times with a heavy suspension of Helminthosporium spores. 
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When the plants became crowded in the small pots, they were trans- 
planted to larger pots containing sterilized soil which had been inocu- 
lated in the same way. In these pots, the plants were grown to 
maturity. 

There was no very serious seedling blight in any of the pots. The 
coleoptiles of most of the plants were darkened, and lesions were formed 
on the first leaves. The seedlings in the inoculated soils were not 
noticably smaller than those in the uninoculated, sterilized, check 
soils. When about six weeks old the height of the plants was meas- 
ured in order to determine the effect of the disease on growth. The 
results are given in Table IX. In each case the table gives the average 
height of 30 to 4o plants. 

Any differences in height of the plants in the different soils in 
either the uninoculated or inoculated series may be considered due 
to the influence of the soil in which they grew. As will be seen from 
Table IX, the differences between the plants in the different types 
of soil in the inoculated series, altho small, agree fairly well with 
similar differences in the uninoculated series. The differences between 
check plants and inoculated plants in the same type of soil may be 
considered to be the result of the disease. A comparison of the dif- 
ferences between plants in inoculated and uninoculated soils of the 
different types will give an index of the influence of the soil type on 
the development of the disease. 


TABLE IX 


AVERAGE HricHt oF WHEAT AND BarRLEY PLANTS GROWN IN INOCULATED AND 
UNINOCULATED SOILS oF VARIOUS TyPES 


Marquis wheat : Lion barley 
Type of soil oe — 
Inoculated | Check Inoculated Check 
| cm. | cm. cm. cm. 
Heavy loam } 22.8 30.2 24.5 27.6 
| 
Sandy loam | 21.0 32.3 29.0 31.1 
Sand 23.0* 33.6" 7 25.3 j 28.3 
Peat | 29.4* a ae 29.4 33.6 


* Plants were measured two days later than those in the heavy loam and in the sandy 
loam, and so can not be compared with these. 


Judging by the height of the plants at this stage, the barley de- 
veloped about equally well in the heavy loam and in the sand, the 
difference in the average height being 8 millimeters in the inoculated 
series and 7 millimeters in the check series. The increases over this 
amount were about equal in the sandy loam and in the peat, the advan- 
tage being slightly in favor of the latter. The difference between the 
height of plants in inoculated and uninoculated soils was practically the 
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same in the heavy loam and in the sand. This would indicate that these 
two types of soil had practically an equal influence on the development 
of the disease. 

The difference was less pronounced in the sandy loam, showing that 
here the disease had least influence on the size of the plants. The great- 
est difference in height was in the peat soil, indicating that here the 
disease had most influence on the growth of the plant. From these 
results it is apparent that root-rot of barley produced the greatest effect 
on the host in the peat, a less marked effect in the sand and heavy loam, 
and the least effect in the sandy loam. On the whole, the differences 
were very small. The further development of the disease on the barley 
plants was not followed. 

The conclusions to be drawn from the height of the wheat plants at 
this stage must be derived from comparisons between the differences in 
the height of diseased and check plants in the same type of soil. It is 
obvious that the effect of the disease is much more marked on the wheat 
than on the barley. The least effect of the disease on the growth of the 
plants was obtained in the heavy loam. There was practically an equal 
increase in effect in the other three types of soil. 

The wheat was then transplanted to larger pots of inoculated soil. 
In each case, the most severely diseased plants were transferred. After 
transplanting, the check plants grew much faster than the diseased 
plants, and headed several days earlier. Plate II] shows the compara- 
tive vigor and size of the plants in the different types of soil at maturity. 
Final observations were made on the Marquis wheat just before the 
heads began to turn yellow. The plants were removed from the soil, 
carefully washed, and examined for foot- and root-rot. 

In the heavy loam soil, both diseased and check plants averaged 
3.5 culms per plant. While the severity of infection, measured by the 
degree of browning at the base of the plant, was moderate, there was 
very little difference in the extent of the root systems. The check 
_ plants headed four days earlier than the diseased plants and were con- 
siderably more vigorous. A slight browning occurred at the base of 
most of the mature check plants which resembled slightly a light infec- 
tion by Helminthosporium.~ The lesions, however, were less definite 
and no organism was obtained from tissue cultures. H. sativum was 
isolated from the base of diseased plants. 

In the sandy loam, the average number of culms on each diseased 
plant was 3, on each check plant 2.5. The basal infection was moderate, 
‘There was little difference in the root systems. 

In sand the average number of culms on each diseased plant was 3, 
on each check plant 2. The infection at the base of the diseased plants 
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ranged from moderate to heavy minus. The root systems of the dis- 
eased plants were considerably less extensive, brown lesions were 
numerous, and the roots were very easily broken. The contrast between 
diseased and check plants was greatest in this type of soil. 

In the peat soil the average number of culms on inoculated plants 
was 2.7, on uninoculated 2.6. Basal infection was light to moderate. 
There was very little difference in general appearance of the plants 
grown in inoculated soil and in uninoculated soil. The best plants in 
both series were obtained in the peat soil. 

Under the conditions studied, the root-rot inhibited the growth of 
Lion barley most, during the first six weeks, in the peat soil. The 
effect of the disease was less evident in the heavy loam and the sand, 
and least evident in the sandy loam. During the same period, the 
growth of Marquis wheat was least inhibited in the heavy loam. The 
effect of the disease on the growth of the plants was markedly in- 
creased, and to practically the same extent, in the other three types of 
soil. By the time of maturity, however, the disease had developed 
much more severely in the sand, as evidenced by the smaller size of the 
plants, their decreased vigor, the amount of basal browning, and the 
breaking down of the root system. The effect of the disease was almost 
as severe in the heavy loam. In both the sandy loam and the peat 
there was only a very slight difference between the plants grown in 
inoculated and uninoculated soil. 

In analyzing the factors involved in these various soils, it may be 
pointed out that in the loam soils, in addition to the change in physical 
texture brought about by adding increasing quantities of sand to the 
original heavy loam, there has been a dilution of the mineral nutrients 
of the host, a decrease in the water-holding capacity, a decrease in the 
amount of organic matter in the soil, and an increase in the amount of 
soil aeration. All these factors may be assumed to haye an influence on 
both the host and the pathogene. On the other hand, in the peat soil, 
we have a high organic content, a high water-holding capacity, and an 
optimum of mineral nutrients for the host. The abundant moisture 
and high organic content of the peat soil should seemingly be conducive 
to extensive saprophytic growth of Helminthosporium, thus greatly in- 
creasing the amount of inoculum and the chance for infection of the 
growing host. This tendency, however, seems to be counterbalanced by 
the optimum conditions offered for the growth of the host. On the 
other hand, the greater severity of the disease in sand and heavy loam 
suggests a possible influence of the soil water. These results led to a 
further study of the influence of the soil moisture and of soil fertility 
on the development of the disease. 
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INFLUENCE OF SOIL MOISTURE 


Preliminary series of experiments were carried out in the green- 
house in the following manner in order to determine the effect of soil 
moisture on the development of H. sativum on Lion barley. Light loam 
soil was sifted through a 5 millimeter screen, packed into jars, and 
sterilized. The sterilized soil was mixed with a culture of H. sativum 
grown on sterilized oats seed. Five degrees of soil moisture were main- 
tained more or less uniformly by adding definite amounts of water each 
day. In the fifth series the soil was kept saturated by standing the porous 
pots in jars of water. In the other four series the soil was in glazed jars 
and the soil moisture was regulated by adding different amounts of 
water. Each moisture series was carried out in triplicate, in both inocu- 
lated and uninoculated soil. The seed was sterilized with silver nitrate 
before planting. 

Comparative results on the infection above ground at the end of 
three weeks and below ground at the end of four weeks are summarized 
in Table X. In this table the infection is designated by fractions; the 
denominator represents the number of plants in one pot, the numerator 
the number that were infected. On examining the data, it is seen that, 
as far as the above ground parts of the plants are concerned, the per- 
centage of infection, as well as the severity, is increased as the amount 
of soil moisture is increased. Comparatively few infections occurred 
on the check plants. 

The relation of soil moisture to root infection is a little more difficult 
to see, as here the development of the roots in inoculated and uninocu- 
lated soils with the same moisture content must be compared, and then 
these differences compared for the various series. The roots were most 
severely rotted in the saturated inoculated soil, and the difference in 
the extent of the root systems of diseased and check plants was greatest 
here. The next greatest difference was in the first series, with a soil 
moisture content averaging 9 per cent, while the least difference was 
found in the third and fourth series. In these two series the plants 
grew best of all, in both the inoculated and uninoculated soils. Injury 
to the roots is brought about by rather limited local lesions which kill 
the root tips or cut off portions of the roots when the lesions occur back 
from the tips. Very often the roots are rotted off near the seed. } 

These results would indicate that plants suffer most from root infec- 
tion by H. sativum in soils containing both maximum and minimum 
extremes of moisture. When conditions are more nearly favorable for 
the optimum growth of the plants, the effect of the disease can be over- 
come, and root systems are developed in inoculated soil almost equal 
in extent to those in clean soil. 
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An attempt was made to check up the moisture relations of the 
disease under field conditions. In a series of six square-rod plots, three 
were planted to barley and three to wheat. The north half of the barley 
plots was planted with Manchuria and the south half with Lion; the 
north half of the wheat plots-was planted with Marquis, the south with 
Bluestem. A field drill was used for planting. Several days before 
planting, the soil was inoculated by applying Hl. sativum grown on 
sterilized wheat seed. One half gallon of the culture was applied to 
each square rod. After the seed was planted, one of the barley plots 
and one of the wheat plots. was sprinkled for ten minutes each morning 
and evening, a second of each was sprinkled for five minutes each morn- 
ing and evening, and to the third no water was added. During the 
first part of the season, very little infection appeared on any of the 
plants except Lion barley. The weather was very cold during the first 
two weeks after seeding and scarcely any infection occurred. There 
was no seedling blight on the unwatered plot, very little on the moder- 
ately watered plot, and only a moderate amount on the heavily watered 
plot. Infection occurred mainly on the above-ground parts, resulting 
in leaf spots and lesions on the sheaths. Less than 1 per cent of the 
plants were killed. After the first two weeks, the amount of infection 
increased very rapidly on the heavily watered plot, so that at the end 
of six weeks 100 per cent of the plants were infected, and most of 
them were severely attacked. On the moderately watered plot about 
80 per cent of the plants were infected, the severity of the infection 
ranging from light to moderate plus. On the unwatered plot, about 
50 per cent of the plants were infected, the severity of the infection 
ranging from light to moderate. 

The method of applying the water tended to keep a film of moisture 
on the lower, shaded leaves, forming almost a moist chamber near the 
surface of the soil. The sprinkling also offered a good opportunity for 
the spores to be splashed from the soil onto the leaves. During June, 
the weather was very hot. As a result of this combination of cireum- 
stances, the plants on the heavily watered plot were literally covered 
with H. sativum lesions. In many cases the plants were so badly in- 
fected at the base that they rotted off. This was not true to such a 
marked extent on the moderately watered plot owing, probably, to the 
fact that the surface of the soil was not kept wet enough to maintain 
a more or less constant layer of moisture just above the surface of the 
ground. The Manchuria barley was moderately affected, but the wheats 
only slightly. 
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Final data were taken just before the heads ripened. An attempt 
was made to obtain a quantitative estimate of the percentage of plants 
infected for the whole plot and an average of the degree of infection 
on the roots, foot, and node from individual plants. For this purpose, 
approximately equally large groups of plants were dug from the center, 
and also from each corner of the plots, two feet from the margins. 
Ten plants were taken from each group and for these fifty plants, the 
following data were recorded: the number of culms which headed; the 
number of tillers which did not head; the degree of infection—indicated 
as heavy, moderate, or light on the roots, foot, and nodes. Finally, the 
seed from each plot was weighed after threshing and the yield per acre 
was calculated from this. These data are summarized in Table XI. 
In order to obtain a simple mathematical expression for making com- 
parisons, the percentage of heavy infections was multiplied by 10, the 
moderate by 5, and the light by 1, and the sum was taken as the index 
of the total infection. In order more easily to make comparisons, these 
sums were reduced to unity. Finally, these expressions for root and 
foot infections were totaled to obtain a means of comparing the com- 
bined foot- and root-rot with the relative amount of soil moisture and 
with the yield. For the sake of comparison ®hese were also reduced to 
unity. In some cases the Helminthosporium infections were so com- 
plicated by Fusarium infections that it is quite impossible to say how 
much of the damage was due to each organism. This was especially 
true on the Manchuria barley. In general, the amount of injury was 
small. Altho the root-rot and the basal infection as measured by the 
degree of browning was sometimes heavy on a large number of plants, 
the plants were not noticeably stunted or immature as is often the case 


) in severe cases of foot-rot. On the whole, there was more foot- and 


root-rot on the barley than on the wheat. The Lion barley alone shows 
an increase in the amount of foot-rot as the relative amount of soil 
moisture is increased. The differences are so small, however, that they 
can not have much significance. There were no indications of a correla- 
tion in yield with either the relative amount of soil moisture or the 
amount of foot- and root-rot. For both varieties of wheat, foot- and 
root-rot was slightly worse on the driest plot. In no case did the rela- 
tive amount of soil moisture or infection influence the tillering of the 


| plants. 
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Many factors that are difficult to control enter into field experiments 
and complicate the results in such a way as to make them indicative 
rather than conclusive. In these experiments foot- and root-rot de- 
veloped slightly more vigorously on Lion barley in the wettest soil and 
on the two varieties of wheat in the driest soil. This may be only a 
confirmation of the earlier greenhouse experience that root infection 
tends to be worse under either extremely dry or extremely wet conditions. 


INFLUENCE OF SOIL FERTILITY 


The effect of soil fertilization on the development of foot- and root- 
rot caused by H. sativum was studied in field plots on Lion and Man- 
churia barley, and on Marquis and Bluestem wheat. Potassium and 
nitrogen in the form of muriate of potash and nitrate of soda were 
added to square-rod plots at the rate of 600 and 300 pounds of fertilizer 
to the acre. Treble superphosphafe was added at the rate of 200-and 
too pounds. These fertilizers were so applied that there were plots 
with a heavy and a light application of each alone and in combination 
with a heavy and light application of each of the others, except that 
there were no combinations of nitrogen and potassium. In addition to 
these, complete fertilizer was applied at the rate of 600 and 300 pounds 
and manure at the rate of 20 tons and 10 tons per acre. Unfertilized 
plots were left as checks. All the plots were run in duplicate, one series 
planted with wheat and one with barley. The north half of the wheat 
plots was planted with Marquis, the south half with Bluestem, the 
north half of the barley plots with Lion, the south half with Manchuria, 

Several days before planting, H. sativum grown on sterilized wheat 
seed was applied on the surface of the soil at the rate of one half gallon 
of the culture to the square rod. The plots were seeded with a field 
drill, wheat at the rate of 90 pounds to the acre, and barley at the rate 
of 86 pounds. This is the normal rate of seeding for this section of 
the country. 

Practically no seedling blight developed on any of the plots. Leaf 
lesions and foot-fot first appeared on the barley during the second and 
third weeks, and soon after lesions developed also on the wheat. 

There was considerable difference in the vigor and height of plants 
on the different plots in response to the different fertilizers. During “ 
the latter part of the season, there were differences in the amount of 
lodging on the various plots. Final data on the amount of foot- and 
root-rot were taken just previous to the ripening of the grain. In order 
_ fo obtain an approximately quantitative expression for the amount of 
infection in each plot, 50 plants were selected from each half square 
rod, 10 from each corner, two feet in from the margins, and 10 from 
the center of the plot.. For each of these plants.the following data 
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were recorded: the number of culms which developed heads; the num- 
ber of tillers which did not mature; the degree of infection (designated 
as heavy, moderate, or light) on the roots, the foot, and the nodes. 
After harvesting, the weight of the straw and of the threshed grain 
was recorded, and from this the yield per acre was calculated. The 
infection of Lion barley was slightly more pronounced than on the other 
hosts. These data for Lion barley are summarized in Table XII. 

In order to arrive at a simple factor which would express the total 
infection for the roots, the foot, and the nodes for a single plot and 
would also take into account the severity of infection as well as the 
percentage of plants infected, the number of heavy infections was 
multiplied by 10, the number of moderate infections by 5, and the num- 
ber of light infections by 1, and the three products were summed. ‘This 
was taken as an arbitrary index of the infection. In order to make 
comparison more simple, these sumfnations were reduced to unity by 
dividing each by the lowest sum. This is the factor designated as total 
infection in Table XII. In order to compare the combined effect of 
root- and foot-rot, the summation for each was added and these sums 
in turn were reduced to unity. 

In order to bring out the relation of infection to fertilizers and 
yields, the arbitrary indices of infection were grouped into three 
classes and the yields per acre into three classes, and the fertilizer plots 
were arranged according to their infection and yield in the various 
classes as shown in Table XIII, From this summary table it is quite 
clear that the amount of foot- and root-rot is not correlated with any 
particular fertilizer. | 

The disease did not appear in its severest form on any of the plots. 
Under the conditions of this experiment, there was no evidence of 
severe stunting of the plants or of excessive tillering. 


COMPARISON OF SEVERAL ROOT-ROT CAUSING 
ORGANISMS 


In order to obtain comparative results on the pathogenic effect of 
different soil organisms on Marquis wheat and Lion barley, a culture 
of Helminthosporium isolated from the foot-rot of wheat in Illinois by 
F. L. Stevens and a culture of Fusarium culmorum (W. Sm.) 
Saccardo isolated from scabby wheat, were compared with the Helmin- 
thosporium sativum isolated from barley foot-rot in Minnesota. 
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These organisms were grown on sterilized wheat seed to obtain a 
large amount of inoculum. At the end of two months, the cultures 
were practically masses of mycelium and spores. These masses were 
passed through a meat grinder and the pulp was thoroly mixed with 
sterilized soil in which the wheat and barley were then planted. The 
observations on seedling injury at the end of twenty days are sum- 
marized in Table XIV. 

TABLE XIII 


Summary or Dara 1n Tasrte XII 
Infection classes 
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The results on the Lion barley were very sharp. Unfortunately, 
rats molested some of the pots. In the barley series, however, only the 
check plants were injured. Three plants were left in each of the three 
pots. The comparative size of the plants grown in soil inoculated with 
the various organisms is very well shown by Plate IV. 

The figures in Table XIV show that all three of the organisms 
caused a dwarfing of the barley, the two cultures of Helminthosporium 
to a much greater extent than the Fusarium. The Minnesota strain 
almost completely destroyed the plants. The effect of the three organ- 
isms on the root systems is shown by Plate V. The nature of the injury 
caused by severe infections of Helminthosporium is further illustrated 
by Plate VI, where eight seedlings showing various degrees of infection 
are shown beside a normal seedling of the same age grown in sterilized 
soil. pf 
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The results obtained with Marquis wheat are not so clear, as all the 
pots were molested more or less. The amount of injury caused by foot- 
and root-rot was very much less than on the barley. The Illinois strain 
of Helminthosporium seemed to cause slightly more injury than the 
Minnesota strain. 

This series was started in the greenhouse during warm weather early 
in October when the temperature in the house was very high. The sub- 
sequent development of the disease was most iuteresting. After three 
weeks, the plants were thinned so that only three remained in each pot 
except for those inoculated with H. sativum, culture 82a, of which only 
three plants in each pot survived. These were badly stunted and in- 
fected at the time. The pots were kept next to the outer west wall of 
the greenhouse, where the temperature was always low during winter. 
The position of the pots was changed periodically so that all the plants 
would have more or less equal advantages as to sunlight. The plants 
grew remarkably well, and after a few weeks scarcely any differences 
could be detected between the different series. The barley stooled ex- 
cessively and did not head well. The wheat was very good. At heading 
time, late in April, there was practically no difference between either 
the wheat or the barley plants grown in the clean soil and in the soil 
inoculated with the Minnesota strain of H. sativum or the Fusarium 
culmorum. The wheat in the soil inoculated with the Illinois strain of 
Helminthosporium was very bushy and developed only one or two heads 
per pot, while the other wheats developed from four to eight. The 
Lion barley was also slightly poorer in the soil inoculated with the 
Illinois strain than in the others. The barley did not head well, how- 
ever, in any case. 

Under the conditions of this experiment, then, the Helminthosporium 
caused more injury to Marquis wheat and Lion barley than the Fusa- 
rium, both in the seeding and the mature stages. While thé Minnesota 
strain of Helminthosporium caused decidedly more’ seedling blight on 
the barley, the Illinois strain caused slightly more stunting of the mature 
plants. The Illinois strain caused more injury to the wheat at both 
stages. 


SUMMARY AND CONCLUSIONS 


In recent years a foot- and root-rot of wheat, rye, and barley has 
been serious in certain localities in Minnesota. A Helminthosporium 
of the sativum type has been constantly isolated from the diseased 
plants. In addition to causing a foot- and root-rot, the same type of 
organism attacks the leaves and stems and especially the nodes, glumes, 
and kernels of cereals and a large number of wild grasses. A strain 
of the organism was isolated from a foot-rot of barley. A pure culture 
was secured by isolating a single spore. The morphology of the organ- 
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ism was studied under various conditions with regard to its specific 
identity. The physiology and pathogenesis were studied with special 
reference to environmental conditions most favorable to the develop- 
ment of foot- and root-rot. 

The organism is capable of causing disease symptoms similar to 
those described by Pammel, King and Bakke in 1910. Discrepancies 
are found between the spore measurements of this organism and that 
described by Pammel, King and Bakke, but since wide variations oc- 
curred under different conditions in a single-spore culture of the 
organism studied, the similarity of disease symptoms is considered 
sufficient justification for considering the organism to be Helminthos- 
porwum sativum P. K. B. 

Variations in the morpholog ry.of the spores were found to occur 
under different conditions of growth. For spores as variable in length 
as those of H. sativum, it was found necessary to measure 500 spores 
in order to obtain accurate results. 

On potato dextrose agar, significant differences in mean ee of 
the spores occur when the organism is grown at different temperatures. 
The shortest spores with a mean length of 55.98+0.35 microns were 
produced at 28° C. The longest spores, with a mean length of 
67.32+0.55 microns, were produced at 14° C. The difference between 
the two means is 14 times the probable error of the difference. 

The greatest differences in length were found between spores pro- 
duced on different substrata. At 24° C. the mean length of the spores 
produced on potato dextrose was 65.75-+0.37 microns, on autoclaved 
ripe barley heads 67.74+0.38 microns, and on green barley leaves 
83.14+0.29 microns. The difference between the means of the spores 
produced on the agar and on the leaves is 37 times as great as the 
probable error of the difference. 

The temperature’ relations of the fungus were studied and it was 
found that the mycelium will grow at from 1° C. to 37° C., the optimum 
lying near 28°. The spores germinated in redistilled water about equally 
well at temperatures ranging from 6° to 39°, but the length of the germ 
tubes indicated that the optimum temperature is between 22° and 32°. 
Germ tubes penetrated the tissue of both the coleoptile and the leaf at 
from 12° to 34°, but severe infection occurred through a narrower 
range, from 22° to 30°, the disease developing faster at the higher 
temperatures. Above 30°, however, the development of the lesions 
seemed to be checked, altho they appeared very soon after inoculation. 
In general, we may say that rather high temperatures are most favor- 
able to the growth of the fungus, to spore germination, to infection, and 
to the development of the disease. 
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In phosphoric acid-potassium hydroxide solutions, the spores 
germinated through a wide range of hydrogen-ion concentrations. A 
double optimum occurred, both maxima falling on the alkaline side of 
neutrality at pH 8.2 and pH g.2. In Czapek’s solution minus the sugar, 
the maximum germination occurred at pH 6 and pH 8. In general, 
the spores germinate better in alkaline solutions than in acid solutions, 
The spores will tolerate high degrees of alkalinity. 

Leaf infection increases directly with the amount of moisture 
present. Greenhouse experiments indicate that the effects of root and 
foot infections are more severe in extremely dry and extremely wet 
soils than in soils containing an optimum amount of moisture for the 
growth of the host plant. 

During one year’s field experimentation, no correlation was found 
between the fertility of the soil and the development of foot- and 
root-rot. 

The pathogenic effect of H. sativum isolated from barley plants in 
Minnesota was compared with that of a Helminthosporium isolated 
from stunted wheat in Illinois and with Fusarium culmorum isolated 
from scabby wheat. Experiments were made to determine the ability 
of these organisms to cause root- and foot-rot of Marquis wheat and 
Lion barley. Under the conditions of the experiment, the Helmin- 
thosporiums caused more injury than the Fusarium. The Minnesota 
strain of Helminthosporiuam caused the greater amount of seedling 
injury on the Lion barley, while the Hlinois strain caused the greater 
dwarfing of the mature plants on both wheat and barley. 

As a result of these studies, the wide-spread occurrence of HA. 
sativum may be explained by the fact that the fungus responds sapro- 
phytically to such a wide range of environmental conditions. Neither 
the effect of temperature nor acidity seems to be a limiting factor in the 
development of the disease so far as spore germination is concerned. 
As a parasite, the fungus causes rather limited local infections. The 
amount of injury is determined largely by the number and size of the 
lesions. A direct correlation exists between the amount of moisture 
present and the number of lesions. The severity of the infection is 
greater at rather high temperatures than at low temperatures. The 
disease may be expected to develop most severely, therefore, at high 
temperatures in the presence of sufficient moisture. 

Root and foot infections are more severe in certain soils than in 
others. This is probably largely due to differences in soil moisture 
and temperature. In general, the disease causes the greatest injury 
under conditions unfavorable to the growth of the host. Factors, such 
as soil fertility, which might then be expected to influence the disease, 
apparently have little effect. a 
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PLATE I 


Helminthosporium sativum P. K. B. grown on potato dextrose agar at 
the following temperatures: . 
Gay (eS 2G) 467 — 8 Ce eas Ge, 
G4) 3172 22" GT (Gh) eet 212 Cia) Or 32. eo 
(Cay eilg — 35)" Cay (CR BO eC. 
Incubated 9 deys. 
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Helminthosporium sativum FP. K. B. grown on potato dextrose agar 
at the following temperatures: 
GOP Se, (ey 1a? = eC (w= EPC 
(4) 20°—23°C., (5) 27°—28°C., (6) 31° —33°C. 
Incubated 7 days. 


PUATE Mh 


Marquis wheat showing the effect of Helminthosporiwm root-rot in 

the following types of soil: 

At. Heavy loam, soil inoculated with H. sativum P.K.B. 

AIC, Heavy loam, uninoculated, sterilized soil 

Az. Sandy loam, soil inoculated with H. sativum P.K.B. 

A 2C. Sandy loam, uninoculated, sterilized soil 

A3. Sand, soil inoculated with H. sativum P.K.B. 

A3C. Sand, uninoculated, sterilized soil. 

A 4. - Peat, soil inoculated with H. sativum P.K.B. 

A 4C, Peat, uninoculated, sterilized soil. 


PEATE SIV 


Lion barley plants, 3 weeks old, growing in soil inoculated with the 
following organisms: 
1. Helminthosporium sativum P.K.B. Culture 82a, isolated from stunted 
barley plants in Minnesota 
2. Helminthosporium isoleted from stunted wheat plants in Illinois 
3. Fusarium culmorum (W. Sm.) Saccardo 
4. Uninoculated, sterilized soil — 


PLATE V 


Lion barley plants, 3 weeks old, showing effect of the following soil 
organisms on development of root systems i 

1. Helminthosporium sativum P.K.B. Culture 82a 

2. Helminthosporium from stunted wheat plants in Illinois 

3. Fusarium culmorum (W. Sm.) ‘Saccardo 

4. Normal roots grown in uninoculated, sterilized soil 


PEATE Val 


Lion barley plants, 314 weeks old, showing effect of root infection by 
Helminthosporium sativum P.K.B. The eight seedlings on the left were 
grown in inoculated soil, the one on the right in uninoculated, sterilized soil.’ 
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WHEAT SCAB IN MINNESOTA 


By Jean McINNEs AND RayMonpD: FOGELMAN* 


INTRODUCTION 


Scab or “head blight” of wheat has been known in Minnesota 
for more than twenty years. The disease seems to have attracted 
little attention, however, until about 1915 when it became suffi- 
ciently prevalent, especially on Marquis wheat, to attract the at- 
tention of growers, who sent to the experiment station a great 
many diseased heads of wheat with the comment that head blight 
was doing a great deal of damage. Practically every one of these 
farmers said that Marquis was more severely injured than other 
varieties. Whether the introduction of Marquis and its general 
use was responsible for the increasing amount of scab is not defi- 
nitely known, but it is certain that the disease seems to have become 
more prevalent with the general adoption of Marquis. 

Altho considerable work already had been done on the disease, 
many facts concerning its general characteristics were still un- 
known when the writers began their investigations. The condi- 
tions most favorable for its development, the plants attacked, the 
distribution in the state, the amount of damage caused by the dis- 
ease, and especially the control measures were known only very 
imperfectly. For this reason work on these various phases of the 
problem was begun in 1915 and has been continued until the 
present time. The major part of the work was completed in 1920 
and little has been done since. 


HISTORICAL SUMMARY 


Smith (32) apparently first described wheat scab in England in 
1884. He stated that the disease was caused by Fusarium culmorum 
and named it “wheat scab.” In 1890 Kirchner (16) stated that a 
similar organism caused a disease of wheat, oats, barley, rye, and 
maize in Germany. Chester (5) seems to have been the first to 
call attention to the seriousness of wheat scab in the United States. 
In 1890 he mentioned the disease as having been serious in Dela- 


ware in that year. Arthur (2) mentioned the disease as being de- 
structive in Indiana in 1891, and Miss Detmers (6) called attention 


to the disease in Ohio in the same year. Miss Detmers considered 


1 The work in this paper was done under the direction of Dr. E. C. Stakman, head of 


| the section of plant pathology. The writers wish to express their appreciation of his advice 


and criticism. 
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the cause of the disease to be Fusarium culmorum (W.G.Sm.). Pam- 
mel (18) also noticed the disease in Iowa that year, and Buckhout 
(4) said that the disease was abundant in Pennsylvania in 1892. 
Bessey (3) stated that the disease was prevalent in Nebraska a few 
years later. Since the disease already seemed to be widespread in 
the early nineties, it is quite likely that it had been in the country 
for some time. 

The early reports mention mainly the appearance of the dis- 
ease on the heads of wheat, and Rostrup (23, 24, 25, 26) appears to 
have been the first to show definitely that the causal organism might 
live over in the seed and cause seedling infection. According to 
von Tubeuf (33), Rostrup also described a seedling blight of oats 
in Denmark in 1893 which was caused by an organism similar to 
that which causes wheat scab. Tubeuf also says that Frank found 
a field of rye near Kiel, in Germany, in which the heads were almost 
completly destroyed by scab. Selby (27, 28) called the conidial 
stage of the causal organism Fusarium roseum Link and the per- 
fect stage Gibberella saubinetii (Mont.) Sace. Selby and Manns 
(30) published the results of rather extensive investigations in 1909, 
and reported, as a result of cross-inoculation experiments, that the 
scab organism infected wheat, oats, barley, and rye. They con- 
sidered that the different organisms previously described as causing 
scab probably were the same. They also demonstrated that the 
fungus persisted in the seed and might destroy young seedlings 
grown from the infected seeds. In addition they isolated pure cul- 
tures of the scab fungus from alfalfa plants that were dying in the field. 
Later, Selby (30) listed in his handbook on plant diseases the fol- 
lowing hosts for the wheat scab pathogene: alfalfa, barley, clover, 
corn, emmer, oats, rye, speltz, and wheat. Appel and Wollenweber 
(1) found that Fusarium culmorum could rot potato tubers, and 
Lewis (17) identified a Fusarium which caused a rot of squash in 
storage as F. culmorum. FE. C. Johnson (13) showed that a culture 
of F. culmorum which he isolated from wilted oats caused a decrease 
in the germination of wheat, oats, and barley seeds inoculated with 
it. Wollenweber (35), in 1914, stated that F. culmorum was a 
wound parasite of cereals and caused scab and seedling blight. He 
found that it could rot sweet potatoes and states that it also had 
been isolated from corn, oats, wheat, rye, barley, lupin, cotton, sweet 
potato, cucumber, squash, and other plants. Harter, Weimer, and 
Adams (8) also found that FP. culmorum and G. saubinetii could rot 
sweet potatoes. Apparently, therefore, the organism was very prev- 
alent in nature and was capable of attacking, at least to a limited 
extent, several host plants. 
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The wheat scab organism was considered to be particularly de- 
structive only to wheat until comparatively recently, when it was 
shown that it is also a destructive parasite of corn. Pammel, King 
and Seal (19, 20) showed that Fusarium sp. causes corn root-rots 
and also attacks the stalk and the ears of the corn plant. Hoffer and 
Holbert (9, 10) also showed this to be true. Furthermore, they (10) 
observed that wheat following corn was likely to be more scabby 
than wheat following wheat. In the same year, Hoffer, Johnson 
and Atanasoff (11) reported that cultures of G. saubinetti isolated 
from corn roots and stalks produced typical wheat scab. They ob- 
tained similar results by inoculating both wheat and corn with cul- 
tures isolated from infected wheat plants. Holbert, Trost and Hof- 
fer (12) observed that various systems of rotation affected the 
amount of scab in wheat very considerably. They found that wheat 
sown on land which had grown two successive crops of corn was 
more severely injured by scab than that grown on land which had 
grown wheat the previous year or than wheat which was grown 
on land following oats. Johnson, Dickson and Johann (15) found 
that Gibberella saubinetii apparently was the principal cause of the epi- 
demic of scab of cereals in 1919, and Hoffer and Holbert (10) found 
that the same organism was responsible for a great deal of the root- 
and stalk-rot of corn. 


GHOGRAPHIC DISTRIBUTION AND ECONOMIC 
IMPORTANCE 


Scab has been reported on cereals in England, France, Germany, 
and Denmark, altho it seems that the disease is not so important in 
those countries as it is in the United States where it now ranks as one 
of the very destructive diseases of wheat and corn. 

The general distribution of the disease in North America is 
shown in Figure 1. It has been reported from practically all wheat 
growing regions of the United States east of the Rocky Mountains 
as well as from Utah and Oregon. In Canada it seems to be most 
prevalent in the maritime provinces, Nova Scotia, Quebec, On- 
tario, New Brunswick, and Prince Edward Island. In 1919 it was 
quite destructive in those provinces and also appeared in southern “ 
Manitoba and in Saskatchewan.? 

In Minnesota, scab of wheat has been most prevalent in the southern, 


southwestern, and west central wheat growing counties. It occurs in 


the Red River Valley, but is seldom as destructive as in the southern 
part of the state. Whether this is because more corn is grown in the 


2 Data furnished by Professor W. P. Fraser, Dominion Laboratory of Plant Pathology, 
University of Saskatchewan, Saskatoon, Saskatchewan. 
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southern half of the state, or because of the difference in climatic con- 
ditions, is uncertain. However, it seems to be quite clear that the 
disease on wheat is much more prevalent and serious in the corn-grow- 
ing regions of the state. On the other hand, the rainfall in the south- 
eastern section may be as high as 4o inches, while in the vicinity of 
Crookston, in the Red River Valley, it averages only about 18 inches. 
It is probable that both these factors influence the distribution. 


(ea perl Foy Soe 
Wheat scab se 
reported eye 


Wheat, scab 


SZryous 


Fig. 1. Geographic Distribution of Wheat Scab in North America 


The area where scab is reported serious corresponds closely with that of the production 
of soft red winter wheat in the United States. 


The damage done by the wheat scab organism varies from year to 
year. In some years it becomes epidemic, while in others it does rela- 
tively little damage. For instance, there seem to have been severe 
attacks of scab in 1905 and 1907; and in 1915 it was destructive, the 
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total loss on wheat being estimated at 5 per cent. In 1916 there was 
considerable, but not so much as in 1915. The disease did little damage 
in 1917 and 1918. In 1919 and 1920 the yield of both spring and 
winter wheat in Minnesota, especially in the southern half of the state, 
was greatly reduced by scab. A similar epidemic occurred throughout 
the wheat growing regions of the United States in 1919 (14, 21, 22), 
about five per cent of the total crop having been destroyed. 

The root-, stalk-, and ear-rots of corn caused by the scab organism 
appear to be less prevalent in Minnesota than in some of. the states 
farther south and east. This may be because the development of the 
disease is influenced by temperature (34). Thus only occasional iso- 
lated fields seem to be seriously damaged in Minnesota, while the 
disease is often very serious in the more southern parts of the corn belt. 
In both 1919 and 1920 the estimated decrease in yield due to this disease 
was about four per cent of the total corn crop of,the country (21, 22). 


SYMPTOMS OF SCAB ON WHEAT 


Symptoms of scab on wheat are most conspicuous and characteristic 
on the heads. The disease may become evident soon after the heads 
have emerged from the sheath, altho it may not become apparent until 
much later. Affected spikelets often appear to have ripened prematurely, 
while healthy spikelets are still green. The glumes of the diseased 
spikelets, however, are usually pale and sickly, especially when they 
have been attacked while still young; and they may be partly covered 
with a varying amount of white or slightly pinkish mycelium. They 
are often cemented together by a smooth pinkish, orange, or reddish 
incrustation. The number of affected spikelets in a head various greatly ; 
only a single one may be affected or nearly all may be diseased. In 
fact, when the organism attacks any part of the rachis the entire head 
above the point of attack may be killed. This occurs quite frequently 
in a bad scab year. The affected portion of the rachis at first appears 
water-soaked, and later becomes dark in color. Still later the dark 
color may disappear and the rachis appear somewhat bleached. The 
small dark perithecia usually develop later in the season (Plate I, 
Pig. B). 

The appearance of the affected kernels depends largely upon the 
age at which the head is attacked. If still very youne, practically noth- 
ing but the seed coats may remain and these are often: covered with the 
whitish or pinkish mycelium. If kernels develop they are usually very 
small, much shrunken, and can easily be crushed between the fingers. 
When the*kernels become infected after they have developed to a con- 
siderable extent they may be less shrunken, but usually have the same 
general appearance as the badly shrunken kernels (Plate I, Fig. A). 
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The upper part of the culms also may be attacked. The symptoms 
are quite similar to those on the rachis. The affected tissues first 
appear water-soaked and later become brownish or almost black in 
color. When the neck is attacked early, the heads often fail to develop 
normally and practically no viable kernels are produced. 

On rye, barley, oats, and grasses the symptoms are similar to those 
on wheat. ie 

The seedling blight caused by scab fungi can not easily be dis- 
tinguished from that caused by several other fungi. The plants usually 
are stunted, the root system is small, the individual rootlets are often 
brown or pink and may decay rapidly. The base of the young shoots 
also may be attacked, in which case the entire seedling dies. 

Seedling blight often appears in definite patches in the field, and the 
plants in areas of considerable size are sometimes killed. This may be 
because the organism has accumulated in the soil, altho this has not 
been definitely proved. This occurrence apparently is associated with 
definite weather conditions. Unfavorable environment may allow the 
organism to reduce the stand greatly. Some of the attacked plants, 
however, may recover and mature if weather conditions again become 
favorable to the crop. Such plants may be stunted, but apparently are 
no more subject to head blight than are other plants. 


EPLIOLOGY 


The principal cause of wheat scab in Minnesota is probably Gib- 
berella saubinetu (Mont.) Sacc. (Fusarium graminearum) Schwabe. 
This organism was found (15) to be primarily responsible for the 
epidemic which occurred throughout the middle western wheat grow- 
ing regions in 1919. Other organisms, apparently quite distinct from 
this one, have been isolated from scabby wheat and their pathogenicity 
has been proved. Very little is known regarding the comparative viru- 
lence of these different species, nor is it known whether their life 
histories are comparable. It has been definitely proved, however, that 
at least one of the organisms causing root-, stalk-, and ear-rots of corn 
is the same organism as the one chiefly responsible for the epidemic of 
1919. Furthermore, as will be shown later, this same organism is 
capable of attacking a very wide range of host plants. To what extent 
these other species are capable of doing the same thing is not known. 

In the experimental work described in the following pages, except 
where otherwise specified, a strain of Fusarium isolated from scabby 
wheat and identified as Gibberella saubinetii was used exclusively.’ 
In the field work, however, especially where controlled inoculations 


3 Identified by Dr. Sherbakoff. 
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were not made, the identity of the organism or organisms could not 
easily be determined. 


LIFE HISTORY OF ORGANISM AND SOURCES OF 
INFECTION 


The complete life history, as far as spore forms are concerned, has 
been definitely determined for Gibberella saubinetii. In other cases only 
the conidial stages have been observed. An examination of Plate II 
will make clear the different stages through which G. saubinetwu passes. 
Figure 1 shows the way in which the conidia are developed and 
Figure 2 the mature conidia germinating. In Figure 3 a few strands of 
the mycelium are represented. The second, or ascus, stage is illustrated 


by Figures 4 to 8. The conidia, the mycelium, and the spores formed 


in the ascus are all equally capable of causing infection, altho it seems 
probable that the ascospores, protected as they are by the perithecium 
(Fig. 4), are better able to resist unfavorable conditions than are the 
conidia. 

It is clear, therefore, that infection may be brought about in several 
ways. Infected seed contains a large amount of mycelium which is 
capable of attacking any susceptible plant, and which may form spores 
if conditions are favorable,. Soil that has been under cultivation has 
been shown to contain large numbers of conidia which may attack the 
roots directly or may be blown by the wind and attack the heads. 
Conidia also may occur on a great variety of debris and thus form pos- 
sible sources of infection. Furthermore, the perithecia occurring on 
old corn or wheat stubble are filled with ascospores which may be dis- 
seminated by the wind, by insects, or by other carriers. 

To what extent these various sources of infection are important 


is not definitely known. It is extremely important, however, to deter- 


mine the extent to which the conidia and mycelium of the organism are 
capable of living over winter and becoming a source of infection the 
following spring. 

Scabby heads, infected kernels; and cultures of the organism were, 
therefore, kept outdoors at St. Paul during the winter of 1918-19 and 
similat experiments were made in 1919-20. The results are given in 
Tables I and II. Some heads, kernels, and cultures were kept in the 
laboratory, both in the dark and in the light, while others were kept 
under similar conditions outdoors. The mycelium and the spores re- 
tained their viability when they were kept in the dark inside and also 
when they were in the dark outside, but similar sets that had been 
exposed to the light were killed. The results show rather 
clearly that low temperatures alone are not’sufficient to destroy the 
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organism, especially when the fungus is protected under rubbish or 
straw in the field, and it is quite probable that it lives over winter with- 
out difficulty. Undoubtedly, large quantities of spores and considerable 
mycelium are protected from the apparently injurious effect of light, 
and can, therefore, develop normally when conditions are again favor- 
able for growth. 

TABLE I 


Errect oF Exposure on VITALITY OF THE Mycetium or Gibberella saubinett IN 
SEEDS OF WHEAT 


Location of material 


| Ice box Thermostat | Cold store- Outside on 
Kind of Seec | Ole ae room ground 
AS. |B RG Shr Be * dt Ae ae A B 
é | . . 
lealitihye ics nee earl | — — | jo 
Scabbyaee aaa: ar ez: + - + | =) ) Sp aes 
SCADDYigs. = cerns aed ee ae (sel 
Scabbyaecce. soreee cto || ae aie + 
Imoculatedis = as. lee eee ee aL + a =| ee 
Inoculated ...... a ae | | + | 
Inoculated ...... + | ae + ae + 


* A — Exposed from October 1917 to April 1918 (6 months). 
B — Exposed from October 1917 to April 1919 (18 months). 
7 + Organism alive when tested. 
— Organism dead when tested. 


TABLE II 
Errect or Licut oN ViaABILiTy oF Conipia oF Gibberella saubinetii ExposED UNDER VARIOUS 
CoNnDITIONS FROM OCTOBER, 1917, TO APRIL, 1918 
Conditions under which kept and percentage of germination 


Light | Dark 
Laboratory | Field | Laboratory _ Field 
0.0 Cy 50.0 vi 100 ¢ 
1.0 to) 75.0 | 100 
0.5 0 0.5 90 
0.0 | (o) 85.0 | 100 
0.0 | ° } 25.0 | 50 
0.0 | ) | 100.0 | 90 
0.0 | {o} | 25.0 50 
| | 
Average | | 
0.2 | fo) 51.0 83 


EFFECT OF TEMPERATURE 


Temperature and moisture are known to be important factors in 
relation to scab on wheat. The disease is usually most prevalent in 
moist hot seasons. Experiments conducted in the field and laboratory 
were designed particularly to find the extent to which temperature is 
a factor in its development. No controlled experiments were made to 


—— 


ee 


ae Ce ae 
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correlate moisture and temperature with the development of scab, altho 
observation suggested very definitely that the disease is favored by high 
humidity when temperature conditions are right. 


INFLUENCE OF TEMPERATURE ON ORGANISM 

The rate of growth of the wheat scab organism on artificial media 
was studied at different temperatures. It was found that the organism 
grew most rapidly at temperatures between 25 and 27 degrees C. (77 to 
80 degrees F.). At 30 degrees C. (86 degrees F.) the rate of growth 
is greatly decreased and the character of the mycelium produced is 
different from that produced at lower temperatures. No growth 
was obtained at 35 degrees C. (95 degrees F.). Dickson (7) found that 
the organism was killed at 33 to 34 degrees C. (91 to 93 degrees F.). 
On the other hand, the organism grows very slowly at 5 degrees C. 
(41 degrees F.) and according to Dickson does not grow at all at 
3 degrees C. (38 degrees F.). These results obtained by the writers 
are shown in Table III and in Figure 2. (See also Plate III, Fig. A.) 


Comparative areas of Gronilh of the Wheal Icab Organism 
at differen! lémperaivres 
fe days afler inoculation 


JOC 15S, 


Fig. 2. Growth of Mycelium of Gibberella saubinetii in Relation to Temperature 


TABLE III 
Errecr oF TEMPERATURE ON GRowTH or Gibberella sawbinetii on CuLtture Mepia 


| Time after inoculation in days 


Temperature in | | I 2 3 | 4 5 6 
degrees C. | ; | 


Diameter of colonies in centimeters* 


Ee | ; i fe i i 


10.0 + 0.6 1.6 1.9 | 2.5 2.5 
15.0 1.0, D5 2.5 Day, 3.0 3-5 
20.0 1.0 2.5 3.7 Be, 6.8 8.0 
25.0 n2 3.0 5.6 8.2 9.9 Bc 
Br 5 1.3 4.0 3.9 6.6 8.5 10.0 
30.0 0.8 2.4 4.1 5.9 6.0 6.5 


* Figures based on averages of from 4 to 10 experiments. 
7 Trace. 
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Spore germination was found to occur most rapidly at temperatures 
near the optimum for growth of the mycelium (Table IV, and Fig. 3). 
At 25 degrees C. (77 degrees F.), practically 100 per cent of the spores 
germinated and the germ tubes were well developed aftr 48 hours; 
while at 10 degrees C. (50 degrees F.) only 4o per cent had germinated, 
the germ tubes being very short. Temperatures above 30 degrees C. 
(86 degrees F.) were found to decrease the percentage of germination 
as well as the length of the germ tube. However, practically all the 
spores eventually germinated at all the temperatures tried. 


S 


re 


A 
ae 
Gerninahon in Fercenl 


t 
S 


Lafluence of lemperalure 
iy OD 
CL gf Canda 
Wheal Scab Organism 


eralure (. degrees Gi 


Fig. 3. Germination of Conidia of Gibberella saubinetii in Relation to Temperature 
A : = +? 
Note that the optimum temperature is the same as for the growth of the mycelium, ~ { 
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TABLE IV 


Errect oF TEMPERATURE ON GERMINATION OF ConipIA oF Gibberella sawbinetii IN 
DIsTILLED WATER 


Temperature in | No. of spores No. of spores Percentage of 
degrees C. counted germinated* germination 
10 448 | 183 | 41 
15 364 | 200 54 
20 179 | 156 89 
25 350 } 350 | 100 
33 232 | 157 67 


* Counts made at.the end of 48 hours. 
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Fig. 4. Growth of Wheat Seedlings in Relation to Temperature 


The shoots produced from scabby seeds were markedly stunted at temperatures favorable 
for the organism. At 30 degrees C., altho the plants grew slowly because of the high tempera- 
ture, the seedlings from scabby seeds grew as rapidly as those from healthy seeds. 


INFLUENCE OF TEMPERATURE ON GERMINATION OF 
WHEAT SEED 


According to Dickson (15) wheat germinated normally at tempera- 
tures between 8 and 24 degrees C. (46 and 75 degrees F.), the rate 
of germination increasing up to 32 degrees C. (89 degrees F.). The 
results of the experiments carried out by the writers are more or less 
in accordance with those found by Dickson. The percentage of germi- 
nation of the wheat kernel was not materially affected by temperatures 
between 5 and 33 degrees C. (41 and gt degrees F.). The rate of 
development, however, was greatly changed (Table V) (Fig. 4). 
After four days in the germinator the shoots from seeds kept at 25 
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degrees C. (77 degrees F.) were from eight to ten times as long 
as those kept at 15 degrees C. (59 degrees F.). At 33 degrees C. 
(gt degrees F.) the rate was decreased considerably. At 5 and 10 
degrees C. (41 and 50 degrees F.) they had not developed at all. 
However, if sufficient time was allowed, normal germination took place 


even at these low temperatures. 


TABLE V 
Errect oF TEMPERATURE ON GERMINATION OF WHEAT SEED AND ON DEVELOPMENT OF SCAB 
Temperature in Kind of seed Percentage of Av. length of Percentage of 

degrees C. planted* } germinationt | epicotyl in mm. blighted seedlings 

5 | Scabby . to) | fo) 0.0 

| Healthy | ) 0.0 

10 Scabby | 0.0 

Healthy (o) | 0.0 

15-16 | Scabby 83 3 6.5 

| Healthy 92 5 0.0 

sea eee eee “3 Tlie 

18-20 | Scabby 79 15 78. 

Healthy | 98 20 | 0.0 

25 Scabby | 78 35 | 7-3 

| Healthy . 98 45 0.0 

32-33 | Scabby 79 15 eh 

Healthy 96 15 0.0 


* Seeds were planted in sterilized soil. 
7+ At the end of four days. 


INFLUENCE OF TEMPERATURE ON DEVELOPMENT OF SEEDLINGS 
FROM HEALTHY AND SCABBY KERNELS 


Attention has been drawn to the fact that when scabby seed is 
germinated under normal conditions, considerable fungus growth de- 
velops, often in quantities sufficient to destroy the seedlings. It was 
found, however, that the amount of fungus growth thus produced varied 
considerably with the temperatures at which germination occurred. 
When scabby grain was germinated at temperatures between 30 and 
33 degrees C. (86 and gt degrees F.) relatively little fungus growth 
was produced and the young shoots in most cases escaped injury. 
Considerable mycelium was produced at temperatures from 20 to 30 
degrees C. (68 to 86 degrees F.) usually in amounts sufficient to destroy 
the shoots and roots of the young seedlings in less than one week. 
From 10 to 15 degrees C. (50 to 59 degrees F.), however, the rate of 
fungus growth was considerably slower, and the seedlings usually de- 
veloped too rapidly for the organism to attack them. It is seen, there- 
fore, that temperature is an extremely important factor in determining 
the number of seedlings that will be killed, and that good growth may 
be obtained even when the organism is present. if the temperature is \ 


—s tT 


or 
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unfavorable to its growth. In order to demonstrate that the blighting 
of the seedlings was due directly to the presence of the organism and 
not to the shrunken condition of the seeds, a number of plump healthy 
seeds were sterilized and germinated.* Half of these were then inocu- 
lated with the wheat scab organism, and grown at different tempera- 
tures, the other half being retained as checks (Plate III, Fig. B.). The 
results (Table VI) were identical with those obtained when scabby 
seeds were used. Similar results were obtained also when scabby seeds 
were planted in pots and germinated at different temperatures (Table 
VII). It is obvious, therefore, that the blighting of the seedlings is 
due to the presence of the scab organisms and that the activities of these 
organisms are directly limited by temperature conditions. 

No controlled experiments have been carried out to show the relation 
of temperature to the development of scab on the heads. However, 
observations in the field seem to indicate that more scab is produced at 
temperatures near the optimum for the growth of the organism than 
at other temperatures. 


*The following method for obtaining sterile seedlings was used: Seeds were soaked in 
distilled water for thirty minutes. They were then immersed in 50 per cent alcohol containing 
0.2 per cent mercuric bichloride. After washing in sterile distilled water, the seeds were put 
in petri dishes. The sterile germinating seeds were transferred to test tubes, containing agar, 


after four days’ growth. 
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TABLE VI 


Errect oF TEMPERATURE ON BLIGHTING OF SEEDLINGS GROWN IN Sacu’s NuTRIENT AGAR AND 


INOCULATED wiTH Gibberella saubinetit 


Temperature in 
degrees C. 


Condition of seedlings and growth of organism 


Third day 


Seventh day 


Average length | Average length | 
of epicotyl of root system 
in cm. | in cm. 


Development of 
of organism 


Remarks 


Nearly covering 
| medium, growth 
) slight. 


1.0 49 


Some aerial 
browned. 
Check clean. 


roots 


15-16 


3-5 “Well developed. 


Some roots in the 
medium. Three plants 
growing, three killed. 
Check growing out of 
tube. 


18-20 


2.4 Luxuriant. 


Few roots developed, 
only one plant more 
or less escaping the 
organism. bn ea! 
other cases both roots 
and plant _ikilled. 
Check growing out 
of tube. 


25 


* | Very luxuriant 


growth. 


3-3 


roots in 
All 


Very few 
the medium. 
plants killed. Whole 
seedling browned. 
Check growing out 
of tube. 


20-307 


— About as 18-20 


degrees C. 


Very similar in de- 
velopment to plants 
kept at 18-20 degrees 
C. More root devel- 
opment. Check grow- 
ing out of tube. 


32°33 


2.4 70 
_ ing medium. 


Slow, not cover- 


top of tube. 


All plarts grown to 
Roots 
in contact with or- 
ganism killed, no 
others. Epicotyl nor- 
mal. Many normal 
roots. Check grow- 
ing out of tube. 


* Difficult to estimate, owing to growth of organism. 
+ Twenty degrees C. at night, 30 degrees in the day. 
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TABLE VII 
Errect oF TEMPERATURE ON GERMINATION OF HEaLttHy AND ScaBBy SEED IN STERILIZED SOIL 
Temperature in Kind of No. of seeds No. of seeds | Percentage of | Av. length of 
degrees C. seed | planted germinated germination | epicotyl in cm. 
- e — + - - | 
10-12 Scabby 40 to) to) 0.0 
Healthy | 40 to) o 0.0 
15-16 Scabby 40 | 6 15 | 0.3 
Healthy | 40 14 35 ms 
18-20 Scabby 40 18 45 9:5 
Healthy | 40 17 42 8.2 
25 Scabby 40 TT 27 | 7.4 
Healthy | 40 a3 80 | i200 
32-33 Scabby | 40 12 30 | ae 
Healthy 40 15 a7, | ey 
| 


HOS lTePLANTS 


It is evident from the historical summary that the organisms causing 
wheat scab can attack a great many plants other than wheat. Typical 
scab on the heads has been found in Minnesota on various types of 
wheat, rye, barley, oats, spelt, emmer, einkorn, and several grasses. It 
has seldom, if ever, been abundant enough on oats to do any appreciable 
damage. On rye, however, it sometimes causes considerable injury and 
occasionally also on barley. It occurs commonly on several wild grasses. 
Local epidemics of the disease have been seen frequently on western 
wheat grass (Agropyron smithi) and it also occurs on quack grass 
(Agropyron repens), slender wheat grass (Agropyron tenerum), and 
some of the wild rye grasses (Elymus spp.). The organism also attacks 
corn, especially the roots, altho this disease apparently is not so prevalent 
in Minnesota as it is in the more southern portions of the corn belt. 
It was of particular interest to ascertain by means of artificial inocula- 
tions whether or not the organism could be made to attack plants other 
than those on which it is found in nature. A series of experiments was, 
therefore, carried out, in both field and laboratory, in which a large 
number of plants widely separated taxonomically were inoculated. 
In Table VIII are listed all the host plants on which the disease has 
been found in nature in Minnesota, and also those that have been in- 
fected as a result of artificial inoculations. 
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TABLE VIII 


Host PLants oF WHEAT SCAB ORGANISMS 


Artificial | Natural : 
Host plant inoculation | infection | Type of injury 
Wheat— 
GOAT RT MMORING A. oe ran ciiig Acanbn POke tS aa eee o a a ao Head blight and 
seedling blight 
T. durum ..... Ser sah ees ernst Mae reVee nye + ao Head blight and 
seedling blight 
Te SHCUG ~ . tee Rte aa eer eae er re tee a ao Head blight 
Pic OCCU Re ere TEE Oe ame aie a iela | + + Head _ blight 
Te ODO RGR EA! “o.G 8 ninth yaceenge Und ti oo OOOO | Bs ae _ Head blight 
T SPOLOMICMIN keen: Sade cemaetn en Nake Reais ai sreye : + Head _ blight 
TD COMPACTING Rarer ae ena ae eons te + + Head blight 
TUT GUL, me teehee ih ss Searcloiet Pr timeate Saas ee i + Head blight 
Rive—GiecalenCerealeurk attire Petite ethnics athe + + Head blight and 
seedling blight 
Barley—Hordeum. vulgare .....0.<cenesnsrvae = + Head _ blight 
Oats -Avienas SGRUAME wasroms sous ea caeletresnloevers + + Head blight 
Grasses— 
AGropyron COMNUM oe bic eccceeevcascenes i ms + Head blight 
PAIN 10 COM tees Crest Ra MORE ho eer EO noo NEOs TG + Head blight 
AL CV USL AMUN A ate ym ones ores aee ered tae eras + Head _ blight 
PAL CSEREON UV Ail oteen od coed aed of oexe rate tats + Head _ blight 
SAN OD CIECE MCRAE Vase apes a (aha, aon eeettercaens ataeeaun + _ Head blight 
AlOpecurus: PYOLCNStS "oy .ice cot n ee ogee tales + | Leaf spot 
PICU DHALCWSE sale ws wniveta nietarnahei elisa naar ete | + Leaf spot’ 
BROMUS GE TIIUSE tens clere ous ahs conte ere peloahie terete | + aie Leaf spot 
TLOISEVAR. POU ULG artaraveve ierel sta ai crneencdctehstatetedes fase f + | ae Leaf spot 
MS LSSHUS UCANACEWSYS: + aneteta secuater stn eidene oheeiaainiere oe | Head blight 
DEMVO DWUSPUS  cacre asuw wouaik eB Ics Wirarleas vegan h Sara nae + . or Head blight 
VERT ACKL Viel Se eh RUT Ginn, Bont eOme oeeIa aa + | Asie | Head blight 
COL OG INANSY 2. Tei taitotersr s avosalig avaleiane Sa ecu terres + | + Root rot 
Bean—Phaseolus vulgaris i.e escvsescccvces + . ine _ Root, pod, leaf 
“eerie _ and stem rots 
Ap ple—=Miaghts <svlueStyis® woerissti tele cuarerl chests | | Fruit. rot 
Carrot—Daucus carota .........04. ir ey Perce | t | Rot of storage 
organ 
Potato—Solanum tuberosum .....-.1seeceeee - + Tuber rot 
Pea—=P ism” Satu. Jaa vac potreie’ paoeasdaces . | + | Stem rot and 
seedling blight 
Clover—Trifolium pratense ........ecvceueuce Sa Seedling blight 
Tomato—Lycopersicum esculentum ....... 4+. + Stem and leaf 
| ‘ rots and seedling 
| ' blight 
Flax —Linum usitatissumum 0. 002.0. ce ce cece + | oe Seedling blight 
Cucumber—Cucumis sativus......,0..s.+seees | SF Stem rot and 
seedling blight 
Squash—Cucurbita maxima .......0.000 eee | + , | Stem rot 
Sunflower—Helianthus annuus ..........0.00 | + | Stem rot 
Radish—Raphanus sativus .2...0..0.ccccenees | + | Seedling blight 


PARASITIC CAPABILITIES OF THE ORGANISM 


The effect produced on the different hosts and different parts of the 
same host by artificial inoculation varied considerably. The methods of 


experimentation and types of injury obtained on the various hosts are 
given below. ; W 
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INFECTION OF FRUITS AND TUBERS 


The fact that Fusarium culmorum is capable of causing a rot of the 
potato tuber has been demonstrated by several investigators (7, 31, 36). 
In order to determine whether the scab organism used in this study 
could produce such a rot, and to compare the rate of rotting with that 
produced by Fusaria generally found causing tuber rots, several sound 
potato tubers were inoculated with Gibberella saubineti and with F. 
oxysporum and F. tricothecioides. One tuber was also retained as a 
check. - These tubers were then placed under a bell jar and kept at a 
temperature ranging from 25 to 28 degrees C. 

It was found that all three organisms were exceedingly active in 
rotting potato tubers. Guibberella saubinetu produced a very exten- 
sive rot within six weeks after inoculation (Plate V, Fig. E) which 
was second only to the one produced by F. tricothecioides. The scab 
organism was also found to produce rots on carrots and apples. These 
rots were less extensive than that produced in the potato tubers, but 
nevertheless they were definite in character and indicative of the rot- 
inducing nature of the organism. Lewis (17) reports finding the scab 
organism causing a serious rot of squash in storage. 

The fact that an organism is capable of causing a rot of storage 
organs, such as potato tubers, is not sufficient proof in itself that the 
organism under consideration is a virulent parasite. Successful infec- 
tion of the living parts of a plant is necessary in determining the true 
parasitic nature of the attacking organism. 


INFECTION THROUGH WOUNDS 


The stems and leaves of several hosts were punctured and bits of 
mycelium of the wheat scab organism introduced into the wounds. The 
plants were than incubated in a moist chamber. The mycelium made 
considerable growth and spread into the tissues while in the incubation 
chamber. The plants fell over at the point of inoculation owing to the 
weakening of the tissues following the spread of the mycelium through 
them. Eventual death of the plant resulted in nearly all cases. Inocula- 
tion experiments similar to those described above were also carried out 
with F. lini, the flax wilt organism, and F. martii, known to cause root 
rot of beans, to determine whether any other Fusarium known to cause 
injury to a specific crop, was capable of attacking a wide range of hosts, 
as are the scab organisms. Both F. martii and F. lini seem to be special- 
ized and limited in their parasitic capabilities, as far as tested, to attack- 
ing the roots of beans in the former and to the roots and leaves of the 
flax seedling in the latter. All the crops tested, other than those men- 
tioned, seemed incapable of being parasitized by these organisms. 
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Plate V, Figures Ar and A2 show the effect of stem inoculation 
upon the bean plant, two weeks after inoculation. The shriveling of 
the stem is shown to have extended in both directions from the point 
of inoculation, the parts above being shriveled and dead. Attention is 
especially called to the healthy check plant (Fig. A). The punctures 
show very distinctly and indicate clearly that the death of the infected 
plants was not the result of the injury to the stem. Figures C and D 
show similar effects of the organism upon tomato and cucumber plants 
three days after inoculation. 

Plate VI, Figure A, shows the wheat scab organism parasitizing 
the living parts of pea plants. The two plants in the pots to the left 
were yellow and dead, the one in the pot to the right remained healthy 
and green. Fig. B, of the same plate, shows the effect of scab cultures 
upon sunflower seedlings the stems of which had been inoculated ten 
days previously. -The plants in the first and seventh pots, counting 
from the left, are check plants. The one in the third was inoculated 
with I. lini. It will be noted that these checks and the one inoculated 
with F. lini were the only ones that remained alive and vigorous. 

Figure C shows the effect of the scab organism on squash plants. 
The check plant is in the pot to the right. The stem of the plant in 
the center pot is dead as a consequence of the successful infection. 
These two are shriveled and dead as a result of the infection, while those 
inoculated with F. lini are as healthy and vigorous as those of the check 
plant. This points once more to the difference in the virulence of the 
two organisms; to the specific limitations of the one and the wide 
adaptability of the other. 


INFECTION OF UNINJURED TISSUES 


The facts brought out in the above experiments show clearly the 
ability of the scab organisms to attack diverse crops and their extreme 
virulence as wound parasites. Scab of wheat is known to appear on 
uninjured heads of wheat. This would indicate that the wheat scab 
organism did not depend upon previous wounding of the tissues. How- 
ever, tests were made on several hosts to'test this point conclusively. 

Artificial inoculations on individual heads of different varieties of 
wheat and several wild grasses were made in the field. Inoculations 
were made by inserting a small amount of the fungus (Gibberella 
saubineti) inside the sheath, only those heads being chosen which had 
not completely emerged. Care was taken not to injure either the sheath 
or the head. Moist cotton was then wrapped around the sheath, the 
whole being covered with a wax-paper bag. These covers were left on 
for periods varying from three to seven days. By this method success- 
ful infections were obtained on several varieties of common wheat 
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(T. vulgare) as well as on durum (T. durum), emmer (T. dicoccum), 
and club (T. compactum) wheats. Rye, barley, oats, and several wild 
grasses were similarly infected (Table VIII). 

It seems quite probable that the list of susceptible grasses given in 
Table VIII could be greatly enlarged if inoculations were made at the 
proper time. Many of the negative results obtained were without doubt 
due to the fact that the heads were too old at the time of inoculation. 
In every case, however, in which the inoculation gave positive results 
the heads were attacked in a manner exactly similar to natural infection. 
The effects shown in Plate IV are characteristic of the results obtained. 
A pink incrustation developed on the glumes, and the kernels either did 
not form or were small, shriveled, and covered with a mass of pinkish 
white mycelium. Typical scab also developed on all the varieties of 
wheat and other cereals inoculated, altho some of the varieties of wheat 
were more heavily infected than others. So many factors might be 
involved in this variation that no definite conclusions can be drawn. 

Leaf spots were obtained in several cases and pure cultures of the 
organism were isolated from them. 

The uninjured leaves of tomato and bean plants growing in the 
greenhouse were inoculated by placing growing mycelium on the sur- 
face. The upper surface of some leaves was inoculated and the lower 
surface of others. Upon removal from the incubating chamber, the 
fungus was found to have produced definite spots. The growth of 
the organism extended through the leaf, and pure cultures of the 
organism were readily obtained. 

A vigorously growing bean pod was similarly inoculated without 
injury to the tissues. The mycelium spread throughout the pod, shrivel- 
ing it. Pure cultures were obtained from the uninoculated side of the 
pod, indicating the extent of the spread of the mycelium through the 
tissues. 

While these observations are preliminary in their nature, they are 
indicative of the fact that under certain conditions the scab organism 
may and actually does attack uninjured tissues. 


INFECTION BY SOIL INOCULATION 
A. DAMPING-OFF AND SEEDLING BLIGHT 


Previous experiments show beyond doubt that the scab organism 
is a virulent parasite, and that it attacks a large number of unrelated 
_ hosts. Attention has been called by many investigators to the fact that 
Fusarium spp. are to be found connected with the damping-off of the 
seedlings of a large number of crops. The fact that the wheat scab 
organism is capable of attacking the seedlings of small grains has already 
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been brought out. Efforts were made to determine whether the scab 
organism was capable of inducing such damping-off of hosts other than 
wheat. 

The question of sick soils and the part played by the wheat scab 
organism in their production has already been discussed. This condition 
can be approximated closely by heavy inoculation of soil in pots. The 
soil was sterilized under steam pressure previous to inoculation in order 
to kill any organisms which might already be in the soil. 

White clover was planted in such sterilized soil, the soil of one pot 

being inoculated with the scab organism, while that of the other was 
‘retained as a check. Two weeks after inoculation it was quite evident 
that the scab organism was killing many of the clover seedlings. The 
stems and roots of a large number of these were discolored and were 
beginning to rot. These dead parts were infected withthe wheat scab 
pathogene. Plate V, Fig. Bi and B2, shows two such pots two weeks 
after inoculation. The effects were even more striking than the plates 
would indicate, altho the difference between the checks and the inocu- 
lated plants is very striking. Nearly half the plants in the inoculated 
pot were killed and the rest were stunted. 

Pea, tomato, radish, cucumber, and flax seedlings were also grown 
under similar conditions. The flax wilt organism (Fusarium lini) was 
inoculated into the soil of one pot of each of these hosts in order to com- 
pare the parasitic capabilities of this organism with those of the scab 
organism. Typical wilt was produced on flax, some of the cotyledons 
becoming infected as they pushed their way through the sick soil, but 
no such wilt occurred on any of the other hosts. The scab organism, 
however, was capable of attacking and causing a seedling blight of all 
of these plants. 

B. ROOT-ROTS 


A disease known as dry root-rot of bean is caused by Fusarium 
martu phaseolt. To determine whether the wheat scab organism was 
also capable of attacking the roots of this host, several pots of soil were 
sterilized and beans grown in them. The soil of one of these pots was 
then inoculated with the wheat scab organism, that of a second with 
F, martu, and the third was retained as a check. 

No important differences between the plants in the three pots were 
discernible until about six weeks after inoculation. By that time, how- 
ever, many of the leaves of the inoculated plants had turned yellow 
and dropped off. These appeared less vigorous than did the plants in 
the check pot. 

All the plants were then dug up(Plate VII, Fig. A). . The stems 
and roots of the plants inoculated with F. marti showed large dark 
brown lesions, many of the roots having been killed and the whole root 
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system reduced. This disease resembled very closely the condition 
described as dry root-rot. The plants from the pot inoculated with the 
scab culture (marked 200c in Plate VII, Fig. A) showed the same dis- 
colorations and reduction of the root system, only to a slightly less 
extent. The stems from both inoculated pots were beginning to shrivel 
and turn yellow, while those in the check pot, it will be noted, were 
entirely normal ; and the root system, which was much better developed, 
showed no discolorations. 

Several investigators have called attention to the fact that wheat 
scab is intimately connected with corn root-rot. Experiments were 
therefore made to determine whether the wheat scab organism used in 
these studies could produce this root-rot. Corn was planted in pots of 
sterile soil. The soil in some of these pots was then made sick with the 
wheat scab organism used in the inoculations on the roots of beans. The 
remaining pots were retained as checks. All the plants were then grown 
to maturity. 

The plants in the inoculated pots were stunted in appearance during 
the whole period under observation, as compared with the check plants. 
(Plate VIII.) There was an average difference of 15 cm. in height 
between the two series of plants, the inoculated plants producing tassels 
two weeks later than the ones growing in the healthy soil. When the 
roots of the inoculated plants were examined they were found to be 
dark brown, shriveled, and beginning to rot, while those of the check 
plants were normal in every respect. 

In order to study this root-rot more carefully, several pots of corn 
seedlings were inoculated with a wheat scab culture and an equal number 
were retained as checks. All the roots were examined a month later. 
The primary roots of the plants grown in the inoculated soil were dark 
brown, shriveled, and dead. Many secondary roots were similarly 
affected. Isolations made from these lesions yielded pure cultures of 
the scab organism. The roots of the check plants, however, were more 
numerous, better developed, and perfectly healthy. (Plate VII, Fig. B.) 


= CONTROL 


No entirely satisfactory methods of control of wheat scab are known. - 
The problem is greatly complicated by the number of hosts which the 
organisms causing the disease are capable of attacking and also because 
‘these organisms can grow saprophytically on almost any kind of debris. 
_ Various measures have been suggested by workers in this country, 
such as burning of stubble, cleaning of seed, rotation of crops, etc., but 
H none of these has controlled the disease, altho without doubt, under 
certain conditions, they would help to prevent its spread. Experiments 


¢ 
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were carried out in the field and in the greenhouse to test the efficiency 
of these methods. The results are rather contradictory in some cases 
and many of the experiments would have. to be extended over several 
years before definite conclusions could be drawn. However, they are 
suggestive and may be of value in interpreting future work. 


CLEANING AND TREATING SEED 


In 1917 and 1918 the shriveled kernels from scabby seed were 
separated from the plump kernels by fanning, and part of each grade 
was treated with formaldehyde. One square rod each of the treated 
and untreated lots was planted. The results given in Table 1X indicate 
that treatment of seed has no effect on the appearance of scab on the 
mature heads, the plots of treated seed in these experiments having a 
slightly higher percentage of scab than those of untreated seed. How- 
ever, an examination of Table X, a record of plants grown under con- 
trolled conditions in the greenhouse, will show that treatment with 
formaldehyde materially increases the percentage of germination of 
scabby seed altho no scab appeared on any of the mature plants. The re- 
sults shown in Plate [X are typical of those obtained in this experiment. 

Planting scabby, untreated seed lowers the average germination of 
the seed and healthy seedlings may be attacked by the organism and be 
killed in the soil. Treatment, therefore, may be of some value in pre- 
venting seedling blight. The plants that survive the seedling stage, 
however, apparently may grow to maturity and produce healthy seed 
unless subsequently infected. In other words, infection is local and 
not systemic. 

ROTATION OF CROPS 

Many organisms causing plant diseases are known to accumulate in 
the soil when crops on which they are capable of developing are grown 
on the same land for a succession of years. This is particularly true 
of organisms causing root-rots and of those that are able to live sapro- 
phytically during a part of their life. The organisms causing wheat 
scab are known to be abundant in soil in which wheat has been grown 


for a long time. 
TABLE IX 

Errect oF PLanTING TREATED AND UNTREATED SEED IN THE FIELD ON THE PERCENTAGE OF 
Scappy Heaps 


| Treatment 


Formaldehyde (1:320) None 


Kind of seed = 
Percentage of scabby heads 


ISIC Mees ole oe ovranagoo86 6 1.66 0.79 0.35 0.79 


SCabby= ers tecture: auete eevrsre | I.12 I.14 0.80 0.21 
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TABLE X 


Errect of TREATMENT WiTH ForRMALDEHYDE ON PERCENTAGE OF GERMINATION OF WHEAT 
SEEDS AND ON PERCENTAGE OF ScaB at Maturity* 


Percentage 


| | ; 
Kind of seed . Treatment | No. of pots | No.of seeds | Percentage of | of scab at 
| | per pot | germination | maturity 
Healthy | ’ None | 25 10 89.6 | to) 
Scabby | Formaldehydet 25 | 19 | 81.6 | ro) 
Scabby_ None 25 10 | 21.2 | to) 


* Unpublished data from observa‘icns made in the greenhovse in the winter of 1917 by 
W. N. Christopher. 
7 Strength 1:320. 


In 1918, in Indiana, Hoffer, Johnson and Atanasoff (11) observed 
that the percentage of scab on wheat that was planted oi land where 
root-rot of corn had been prevalent the year before was much higher 
than on wheat following other crops. Inoculation experiments proved 
that the organism causing corn root-rot was identical with one of the 
organisms which cause wheat scab and was capable of producing scab 
on wheat. These results were very suggestive as to a method of spread 
of the disease. In 1919 a careful summary of the plant disease survey 
of Minnesota made by the United States Department of Agriculture 
showed a much higher average percentage of scab on wheat grown 
on corn land than on wheat grown after either wheat, rye, or barley 
(Table XI). Results for several years must be obtained before definite 
conclusions can be drawn, but it is possible that the organism can very 
readily live over winter on diseased corn stubble and be in a condition 
to attack the susceptible wheat plant as it matures. 


TABLE XI 
Errect oF Rotation oN PERCENTAGE OF ScaB ON WHEAT IN MINNESOTA IN 1919* 


‘ | | Average percentage | Yield in bushels 
Previous crops . No. of fields visited | of diseased heads | per acre 
| a eae es ae = ae ae 
Corn | 193 | 23.53 | 5-62 
Wheat | 95 | 7.42 11423 
Oats | 67 | 10,81 | 10.03 
Barley 20 ; | 11.15 | 10.75 


* Data taken from the Plant Disease Survey of the United States Department of Agri- 
culture for the year 1919. 


VARIETAL RESISTANCE OF WHEAT 


Many plant diseases have been very effectively controlled by the use 
of varieties which were more or less resistant to these diseases. Wheat 
scab ts much more prevalent on some varieties of wheat than on others. 
Observations throughout the state as well as controlled experiments in 
the field and greenhouse have been made for several years. Prior to 
1914, scab seemed to be really destructive in Minnesota only to durum 
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wheats, but as soon as Marquis was introduced, farmers complained 
that this variety was more severely injured than any of the other com- 
mon spring wheats. In 1919 there was a destructive epidemic of scab 
in the southern half of Minnesota. In Meeker and Kandiyohi counties, 
counts were made of the percentage of scabby heads in several neighbor- 
ing fields of Marquis, Haynes bluestem, and Preston. The percentage 
of scabby heads, as well as of blighted spikelets, was consistently higher 
in Marquis than in the other two varieties. The percentage of scabby 
heads in Marquis ranged from 50 to go, while that in the other varieties 
seldom exceeded 25. This might be because conditions for infection 
were more favorable when Marquis was in flower, but, whatever the 
cause, Marquis was more severely injured than the other two varieties.° 
These results are similar to the averages obtained by the Plant Disease 
Survey for the whole state in 1919 (Table XII). 


TABLE XII 


VARIETAL SUSCEPTIBILITY OF WHEAT TO SCAB IN MINNESOTA IN 1919* 


Variety | No. of fields visited | Average percentage of scab 
Marquis | 325 | 16.80 
Preston 83 | 12.74 
Durum | 19 4.97 
Haynes bluestem | 12 | 1.40 


| 


*Data from Plant Disease Survey of 1919. 


In order to determine more accurately the comparative susceptibility 
of wheat varieties to scab, attempts were made at University Farm to 
develop artificial epidemics. Different varieties of wheat were grown 
on corn land and the emerging heads were sprayed with a suspension 
of spores of various scab-producing organisms. Unfortunately, it was 
not possible to obtain as high a percentage of scab as would be desirable 
for accurate conclusions. The data are therefore preliminary, but some 
indications of comparative susceptibility were obtained. Tests were 
made in 1917, 1918, 1919, 1920, and 1921, but only in 1918 and 1921 
did enough scab develop to warrant any conclusions. The results are 
summarized in Tables XIII and XIV. 


® Observations made by E. C. Stakman, H. K. Hayes, and R. J. Garber. 


ee 
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| 
/ TABLE XIII 


RELATIVE PERCENTAGE OF SCAB ON WARIETIES OF WHEAT ARTIFICIALLY INOCULATED IN THE 
FIELD IN 1918 


No. of heads No. of scabby | Percentage of 

Variety counted heads scabby heads 
Mindam, Minn. 470 740 as 117 Beets 16.2 
Glyndon Fife, Minn, 163 923 3 fs 27 f | j 3.0 
Preston, Minn. 188 . 873 22 Ew 2.6 
Marquis, Minn. 1239 1067 24 A | ¢ ae 
Velvet Don, Minn. 1364 ‘ 814 18 : ; 2EL 
Stanley, “Minn, 1594 883 8 | 0.9 

TABLE XIV 


CoMPaARATIVE RESISTANCE OF WueEaAT VARIETIES TO ScaB AT UNIVERSITY FARM IN 1921” | 


Percentage of scabby seeds 


Percentage of scabby heads from infected heads 
Variety —— 
Ay | Bi A B 
Decson Minn. 924 Ss 0.9 ‘a 0.5 : 0.0 RS 3.0 
Haynes Bluestem, Minn. 169 ; 1.0 | > 0.5 ; 9.0 in PO 
Glyndon Fife, Minn. 163 : ach ies more > 11.0 nas 0.0 
Kota, C. I. 5878 ; We ks 3.0 3 8.0 sos 68 
Kitchener, C. I. 2153 : 255 i wal is 10.3 is ASE j 
PeRubyeGe I. 2050 ; 2.5 : 3.0 Fs : 28.0 ie 1800 
E Prelude, C. I. 4323 Ale 2.9 | Y ai) ; 8.1 is 15.0 
" Red Bobs, C. I. 6255 ; 2.5 ee 8.3 | ; 11.0 ee 23.9 
Red Durum, selection | ; 3-0 i: 11.0 ; 12.9 te ve 
Marquis, Ming. 1239 i 4.5 is 9.5 19.0 lak tees 
ie Acme, C. I. 1967 : 6.5 Va 8.5 : 19.0 ie 12.3 i 
‘7 Eubanka, = 2102 : 8.8 ie 7.9 : 277. = aes 
1 ea 
| Monad, Cat, Bical. : ; 12,0 se + 10.0 ie 18.0 Ras ie 
| ’ Mindum, Minn. 470 = : 14.5 ‘a 9.0 : 14.1 - mat ; 
i Rubanka, (Cok aed. : 19.5. ie 14.0 13.0 f 18.8 RSs 
_ Kubanka, (8) C. I. 4063 ; nee : 25.4 Seta ae 


* Data furnished by J. J. Christensen. 
tA. Planted April 23, 1921. 
B. Planted May 10, 1921. 
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DISCUSSION OF CONTROL MEASURES 


It is evident that control of wheat scab is difficult for the following 
reasons: The organism may grow on a great many cultivated and wild 
hosts ; it may live as a saprophyte on dead materials; it may live a long 
time even under comparatively unfavorable conditions; and it is easily 
distributed by the wind and other carriers. The only methods of control 
that can be recommended at present are thoro fanning and treatment of 
seed grain, proper crop rotation, and the use of resistant varieties. 

While scab can not be controlled entirely by the use of clean seed, 
the amount of seedling blight can be reduced considerably if only healthy 
plump seed is sown. Seed grain should be fanned very thoroly in order 
to blow out all the light, shriveled kernels. The treatment used for the 
control of stinking smut will kill any spores on the surface of the seed. 
Very badly scabbed seed lots should not be planted. Wherever possible 
seed should be obtained from fields in which there had been very little 
scab. 

Rotation of crops is important in controlling the disease. It has 
been found that scab in wheat is likely to be much more severe when 
this crop follows corn. In fact, scab is likely to be more prevalent in 
wheat that is grown on corn land than in wheat which follows wheat or 
other cereal crops. While it would be unwise to recommend that wheat 
should never follow corn, it seems perfectly clear that in those regions 
in which scab is destructive nearly every year the amount of damage 
could be reduced considerably if some system of rotation were devised 
which would avoid sowing wheat on corn land. 

Early sowing may aid somewhat in keeping down the amount of 
seedling blight. The fungus which causes scab is likely to develop most 
profusely at fairly high soil temperatures. Early sowing, therefore, is 
likely to enable the wheat to grow away from the scab. 

Sanitation is quite important. It should be remembered that the 
scab organism attacks a great many wild grasses as well as the small 
grains and corn. For this reason it would be well to keep down the wild 
grasses as much as possible. Grasses along fence rows and roadsides 
near the grain fields may be the source of a great deal of infection in 
the spring. Clean cultivation in the fullest sense is likely, therefore, to | 
reduce the amount of scab somewhat. This would be particularly effec- 
tive if all farmers in a community followed the same practice. 

Epidemics of scab are likely to occur when weather conditions are | 
favorable for its development, in spite of the precautions enumerated. — 
As the organism which causes the disease is carried by the wind, co- 
operative effort over a large area would be necessary in order to reduce _ 
the amount by the methods described. The only hope of controlling 
the disease seems to be in the development of resistant varieties. | 
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Unfortunately, Marquis, the most popular hard red spring wheat, 
is extremely susceptible to scab. Preston, Haynes bluestem, and some 
of the other hard red spring wheats which are not now grown exten- 
sively, are much more resistant than is Marquis. It is hoped that it 
will be possible eventually to obtain scab resistant wheats which have 
other desirable characters as well. 


SUMMARY 


1. Scab of wheat has been known in Minnesota for more than 
twenty years. The disease appears to have become more prevalent with 
the general adoption of Marquis wheat, a variety which is very sus- 
ceptible to scab. 

2. The disease was first described in 1884 in England by Smith, who 
named it “wheat scab.” Since that time it has been the subject of 
numerous investigations but there is yet much to be learned about the 
disease. - 

3. The disease is widespread in ures Australia, and North 
America. It is apparently more severe in North America than in Europe 
or Australia. It is most destructive in the corn belt of the United States, 
where it often does great damage. 

4. Scab causes a head blight and a seedling blight of wheat. On the 
heads the disease becomes evident soon after the blooming period. 
Affected spikelets appear to have ripened prematurely, and under certain 
conditions, are covered with white or pinkish fungous mycelium. They 
are often cemented together with a pink or orange incrustation. Affected 
kernels are shriveled and discolored. The seedling blight in general 
can not be distinguished from that caused by other fungi. The young 
plants may be either stunted or killed. 

5. The principal catise of wheat scab in Minnesota is probably 
Gibberella saubinetu (Mont.) Sace. (Fusarium graminearum) Schwabe, 

6. Infection may be brought about in several ways: namely, through 
| infected seed, infested soil, debris, and corn stubble. Spores from these 
| sources may be disseminated by wind, insects, or other carriers. 

_ 7. Over-wintering experiments demonstrated that mycelium and 
| spores may live over winter in Minnesota if protected from the injurious 
effects of light. 

8. The cardinal temperatures for the pathogene on artificial media 
are: 3 degrees, 25 to 27 degrees, and 33 degrees, C. 

9. Spore germination is most rapid at temperatures near the optimum 
‘ for the growth of the mycelium. 

to. Normal wheat seed germinated between 5 and 33 degrees C., the 
: best germination occurring at approximately 25 degrees. 
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tr. When scabby seed were germinated at temperatures between 
30 and 33 degrees C., the scab fungus grew so poorly that the seedlings 
in most cases escaped injury. The same was true when they were 
germinated at from 10 to 15 degrees C. 

12. Field observations indicate that the disease develops most 
rapidly’ at temperatures near the optimum for the growth of the 
pathogene. 

13. Various types of wheat, barley, and rye are susceptible. Oats 
are only slightly susceptible, but many grasses may be heavily infected. 

14. By artificial inoculation and observations of natural infections 
the host range of the pathogene has been extended to many hosts widely 
separated taxonomically. The organism caused seedling blight of flax, 
clover, tomato, radish, pea, and cucumber; a stem rot of squash, 
bean, tomato, cucumber, pea, and sunflower; and rot of apples, carrots, 
and potato tubers. Living, uninjured leaves of tomato plants and both 
leaves and pods of bean plants were infected artificially, and the organ- 
ism was reisolated from the attacked tissues. A root rot of bean, similar 
to the one found naturally on corn, also was obtained. 

15. No entirely satisfactory control measures for wheat scab are 
known. Experiments showed that planting scabby untreated seed lowers 
the percentage of ‘germination and introduces virulent cultures of the 
organism into soil in close proximity to the healthy seedlings, making 
them more liable to attack. Fanning, treatment of seed, and other sani- 
tary measures, therefore, may be of some value in preventing seedling 
blight. 

Crop rotation also seems to reduce the amount of disease. A survey 
of Minnesota in 1919 showed a much higher average percentage of scab 
on wheat grown after corn than on wheat after wheat, rye, or barley. 

16. Observations and experiments have demonstrated wide differ- 
ences in susceptibility of different varieties of wheat to scab. <A resis- 
tant variety possessing other desirable agronomic characters, however, 
is not yet known. 
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LEGENDS FOR PLATES 


Plate I. Scab on Kernels and Heads of Wheat Naturally Infected 
Fig. At and A2. Equal numbers of scabby and healthy kernels. 
Fig. B. Infected head of wheat showing small black perithecia as they 
appear late in the season. 


Plate Il, Wheat Scab Organism, Gibberella saubinetii (Mont.) Sacc. (Fusariwm 
graminearum Schwabe) 


Fig. 1. Conidiophores from which vegetative spores are formed. 

Fig. 2. Vegetative spores in process of germination. 

Fig. 3. Strands of vegetative mycelium. 

Fig. 4. Mature perithecium of the ascus or sexual stage of the organism. 
Fig. 5. Detail of perithecial wall. 

Fig. 6. Group of asci from within the perithecium showing immature asci. 
Fig. 7. Mature ascus with ascospores. 

Fig. 8. Mature ascospores. 


Plate III. Relation of Temperature to Growth of Wheat Scab Organism 
Fig. A. Relation of temperature to growth of mycelium (five days after 
inoculation). 
Ha SC 5 Gale) 2 t0€. (sock. Sunes LO eaSO° Ho) 
420. — (68-F.) Bees, 7a.) Gna go; Ge (86> Ee) 
Note that above the optimum (25°C.) the character of growth is different 
from that at the optimum and below. 
Fig. B. Relation of temperature to seedling blight of wheat 
Seedlings of wheat are inoculated with wheat scab organism and kept at 
different temperatures. Seven days after inoculation. Tubes at the right at each 
temperature are checks, Note that the shoots as well as the roots are killed at 
temperatures favorable for the development of the organism (19-25°C.), At 
temperatures above and below, the roots and shoots developed normally altho the 
organism was present and growing. 


Plate IV. Results of Artificial Inoculation of Wheat with Wheat Scab Organism 


Plate V. Results of Artificially Inoculating Various Plants with 
Wheat Scab Organism 

Fig. At and A2. Stem rot of bean. Arrow indicates point of inoculation in 
diseased pot. Note stem punctures in check pot below (Fig. A2). 

Fig. Br and B2. Seedling blight of clover, two weeks after inoculation. 
Check pot-on right. : 

Fig. Cr and C2. Stem rot of tomato, four days after inoculation. Arrows 
indicate points of inoctlation in diseased pot. Check pot on right. 

Fig. Dr and D2. Stem rot of cucumber. Arrows indicate points of inocula- 
tion in diseased pot. Check pot on right. 

Fig. E. Potato tuber several weeks after inoculation. 
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Plate VI. Stem Rots Due to Wheat Scab Organism 


Pea. Check pot on right. 
Sunflower. The first and seventh pots from the left contain check 
plants; the soil of the third pot was inoculated with Fusariwn lini. 
Squash 
Pot. 1, (a) Leaf petiole inoculated with Fusarium lim. 
(b) Leaf petiole inoculated with wheat scab organism. 
(c) Leaf petiole inoculated with wheat scab organism. 
Pot 2, Stem inoculation 
Pot 3, Check. 
Plate VII. Root Rots Due to Wheat Scab Organism 
Dry root-rot of bean. Plants on right inoculated with Fusarium 
martti phaseoli, the bean root-rot organism. Plants in the middle 
inoculated with wheat scab organism, Plants on left, checks. 
Root-rdt of corn. Plants on left inoculated with wheat scab or- 
ganism, those on right, checks. 
Plate VIII. Root-Rot of Corn Due to Wheat Scab Organism 

. I, Soil inoculated. 

2, Check. 

3, Check. 

. 4, Soil inoculated. 


Plate IX. Effect of Treatment with Formaldehyde upon Development of Wheat 


Seedlings 


Pot A, .Healthy seed. 
Pot B, Scabby seed, treated. 
Pot C, Scabby seed, untreated. 
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VISCOSITY AS A MEASURE OF HYDRATION CAPACITY 
OF WHEAT FLOUR AND ITS RELATION TO 
BAKING STRENGTH 


By Paut Francis SHARP wiTH Ross AIKEN GORTNER 


INTRODUCTION 


It has long been a matter of common knowledge that flours pro- 
duced from different wheats vary in their baking qualities. Millers 
and bakers commonly designate flours of good baking qualities as 
“strong” and those of inferior baking qualities as “weak.” The defini- 
tion of “strength” found in the literature which is commonly accepted 
is that formulated by the English workers Humphries and Paes 
(1907). 

“A strong wheat is one which yields flour capable of making large 
well-piled loaves; the latter qualification thus excludes those wheats 
producing large loaves which do not rise satisfactorily.” 

Guthrie (1896) makes the following statement, altho his use of 
the term “strength” is not commonly employed. 

“The property possessed by flour of absorbing water, known tech- 
_nically as the strength of the flour, is known to vary considerably in 
the different samples. In order to produce a dough of a given con- 
sistency, flour from different grain takes up quite different proportions 
of water. This is a factor of the greatest importance to the bread- 
‘maker, and consequently to the bread consumer, as well as to the 
_miller and farmer, since upon it depends the volume and lightness of 
the baked loaf.” 

In England, Humphries has evolved a method of grading bread 
-in which a numerical value called “bakers’ mark” is assigned to the 
bread. Humphries (1908) states that in fifty or sixty cases he had 
awarded marks in the usual way and then measured the loaves. He 
found that the marks indicated the volume within a small percentage 
of error. bs 
In the United States the volume of the loaf produced by a definite 
weight of flour when baked under a given set of conditions is usually 
taken as a measure of strength. Briggs (1913), in a discussion of the 
baking test, emphasizes the significance of loaf volume and points out 
a large volume of loaf and good texture are related. Thomas 
(1917), in addition to showing the relation of volume to strength, also 
‘pointed out that there was a correlation of strength with texture of the 
loaf as well. 


= 
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As the volume of the loaf enters to a greater or less degree into all 
these definitions, the attempt was made in this work to use that as the 
main index of strength. 2 

A certain correlation has been establisaed between the strength 
of the flour yielded by different wheats and the geographical distribu- 
tion of the wheats. Thomas (1917) summarized a great amount of 
data on this point. Soil, length of growing season, and moisture are 
probably the governing factors as indicated by many workers, notably 
Shutt (1909), Le Clerc and Leavitt (1910), Thatcher (1913), and 
Le Clerc and Yoder (1914). 

Millers and bakers have long known that the wheats grown in the 
Northern Great Plains area of North America, that is, the spring 
wheat sections, produce flours having baking qualities superior to those 
grown in eastern, southern, and western regions. For this reason the 
geographical source of the wheat is often taken as an indication of 
the strength or weakness of the flour that can be milled from it. 
Owing to the overlapping of the regions in which the different types 
of wheat are grown, and to local and seasonal variations, the geo- 
graphical source of the wheat in many instances gives only a rough 
approximation of the baking strength. The data presented by Thomas 
(1917) show this very clearly. Furthermore, certain varieties of wheat 


grown in the same geographical region yield flours of greater strength ~ 


than others. The work of Biffin (1905-06) (1908-10), Thatcher 
(1913), Howard (1913) (1914), and others emphasized the impor- 
tance of this factor, and as a result plant breeders have made a marked 
advance in increasing the strength of wheat grown in various regions 
by the introduction and development of new varieties and the elimina- 
tion of undesirable types. ; 


vy 


Baking tests are now used extensively in determining flour strength. 


Such tests are in many respects purely arbitrary procedures, and 
standardization of testing methods is to be desired. Various formulas 
are followed, and various treatments are accorded in the several testing 
laboratories. The skill of the baker also determines in large measure 


the characteristics of the test loaf. For these reasons it is impossible 


to compare the results of tests made in different laboratories unless 
they are all stated in terms of a common control sample, which is 
usually not the case. 

While the procedure in measuring and scoring the test loaf is like- 
wise variable, the comparative cubical dimensions (volume), and crumb 
texture of the loaf are commonly regarded as most significant. In 
estimating the latter the judgment of the operator is called into play, 
while the former may be measured with more or less precision and 
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expressed in numerical values. For this reason loaf volume is most 
frequently employed as a criterion of flour strength. 

Even tho an exact and standard method were available for con- 
ducting practical baking tests, it would still be necessary to regard the 
characteristics of the resultant loaves as the function of several vari- 
ables. Thus the test might indicate any substantial deviation from 
the standard or type flour, without, of necessity, demonstrating the 
factor. Numerous workers have investigated almost every known 
chemical and physical property of flour that could possibly be correlated 
with strength. As yet all the limiting factors have not been discovered, 


| or their inter-relationship recognized. The investigations reported 


in this paper constitute an effort to determine the significant properties 
‘of wheat gluten which may be correlated with baking strength. 


HISTORICAL REVIEW 
FLOUR STRENGTH 


cl 


In the following discussion no attempt is made to review all the 
contributions to the literature on flour strength, but rather to review 
the more important factors which have been investigated by various 


_ workers in the attempt to throw light on the problem of flour strength. 


Crude gluten—Beccari (1745), professor of medicine, anatomy, 
and chemistry at the University of Bologna, was apparently the first 
to report the washing of crude gluten from flour with water. He 
says that he orally communicated to the Academy, in 1728, the fact 
that. wheat flour can be separated into two parts, one of vegetable, the 
other of animal character. 

Many investigators have attempted to correlate the amount of this 
crude gluten which a given flour will yield, with its baking strength. 


The process of determination, as ordinarily carried out, is to weigh 


out a definite quantity of flour, add enough water to form a dough, 
allow it to stand for some time, and then wash away the starch with 
water. The material remaining is called the wet gluten. It may be 
weighed and the results expressed in percentage of wet gluten on 
_the basis of the original flour. The wet gluten is usually dried and 


_ the results are expressed in percentage of dry crude gluten on the basis 


of the original flour. The percentage of dry matter in the wet gluten “ 
is frequently calculated. 

Millon (1854), while investigating the composition of wheat, pointed 

out the relationship between wet and dry gluten, and between dry 

gluten and the protein content of various flours. 

_ As the different investigators began to use the amount of crude 

_ gluten as a measure of the baking properties of flour, they discovered 
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many sources of error in the determination. Benard and Girardin 
(1881) found that the length of time the dough stood before washing 
out the gluten influenced the yield of gluten. Balland (1884) con- 
firmed their results, showing in addition that the yield of gluten, as 
influenced by the time of standing, passed through a maximum. The 
time of reaching this maximum was found to vary with different flours. 
He showed that under the same conditions the percentage yield of 
gluten increased with the size of the sample of flour taken for the de- 
termination, also that between the limits of 40 to 60 grams of water 
per 100 grams of flour used in making the dough, the yield of gluten 
was the same altho harder to gather with the larger amounts of water. 
He found that hard wheat flour lost less gluten by continued washing 
than did soft wheat flour. Balland (1893) showed that the tempera- 
ture at which the dough was made, allowed to stand, and washed, made 
a slight difference in the yield of gluten and that the ease with which 
it could be gathered and retained in the washing process varied. At 
a temperature of 2° C., he obtained from a given sample of flour 27. 
per cent of wet gluten; at 15° €., 27.6 per cent; and at 60° C,, 30 per 
cent. Arpin (1902), reports results for the yield of dry gluten at 
the various temperatures showing an increase for a given flour. 
When washed at a temperature of 5° C., the yield of dry gluten was 
7.03 per cent; at 15° C.,; 8.08 per cent; at 25° C., 8.24 per cent; land 
at 35° C., 8.46 per cent. He also showed that there was an increase 
in the yield of dry gluten of 4.7 per cent if hard water instead of dis- 
tilled water was used in washing the gluten. Arpin also pointed out 
that moist gluten would take up additional water if allowed to stand in 
water, and that washing the material five minutes longer than the usual 
time decreased the percentage of both moist and dry gluten. 

Balland (1884) (1893), Stein (1904), and others tried the effect 
of mixing various electrolytes with the dough and then washing out 
the gluten, and found that some electrolytes had little effect with 
nornial flours and in many cases obtained no gluten. 

Lindet and Ammann (1905) studied the effect of admixtures of 
lower grades of wheat flour on the washing out of the gluten from 
normal flours and in many cases obtained no gluten. 

Fleurent (1905) recommends that distilled water containing 0.1 
gram of calcium carbonate per liter be used in washing the starch from 
the flour for the first eleven minutes and that the gluten then be 
washed in distilled water for two minutes. He found that the same 
effect could not be obtained with calcium sulfate, calcium chloride, 
or sodium chloride, all three of these salts giving a lower yield of 
gluten. Olson (1912a) investigated the yield of gluten obtained 
when the original flour was doughed up with solutions of acids, bases, 
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and salts. He found that the general effect was to decrease the yield. 
The solutions varied considerably in this respect. Upson and Calvin 
(1916) investigated the effect of washing out the gluten with carbon 
dioxide-free distilled water, tap water, various concentrations of sodium 
_ chloride, dibasic potassium phosphate, hydrochloric acid, and mag- 
—_ nesium chloride. They came to the conclusion that carbon dioxide— 
free distilled water gave the best results. The influence of drying the 
_ crude gluten under various conditions was investigated by Neuman and 
Salecker (1908). 

Macfarlane (1905) showed that crude gluten contained considerable 
_. other material in addition to protein. The amount of protein dissolved 
in washing out the gluten with water was determined. The gluten was 
__ then washed with 70 per cent alcohol, and the material dissolved by 
alcohol was determined by loss in weight and by nitrogen determina- 
_ tions of the alcohol extract, and finally the protein in the residue was 
_ determined. i . 
; Norton (1906), in his investigations of the protein content of crude 
_ gluten, found it to consist of only about 75 per cent gluten proteins, 
_ the range of protein content in the crude glutens which he investigated 
i: being from 68 to about 83 per cent. His results have been confirmed 
| by many other workers. Norton also presented data which showed 
_ that the actual weight of the crude gluten varied from about ro per 
' cent less to over. 17 per cent more than the total protein as shown by 
' nitrogen determination on the flour. Olson (1912b) also investigated 
_ the composition of crude gluten. Kepner (1914) reviewed the various 
_ errors in washing out crude gluten. 

' We thus see that altho the influence of several factors on the crude 
gluten determination has been investigated, in many instances the work- 
rs arrived at diametrically opposite conclusions. Part of the difficulty 
ay have been that each worker used a different type and grade of 
our for his investigations. However, the results point out inherent 
sources of error in the quantitative determination itself. 

While few investigators claim a direct parallelism between the 
antity of crude gluten and the baking strength, Jago and Jago (1911) 
commended the crude gluten determination and characterize it as 
Hows : Ff : 

_ “A gluten determination is an estimation of the amount of those 
bodies which are in such a physical condition as to impart elasticity 
_ and gas-retaining power to the dough at the time when the determina- 
mn is made.” 

The principal suggestion of the above investigators regarding the 
ude gluten determination is that it should be made at the time the 
ermented loaf is ready for the oven. Balland (1896), while pointing 
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out that gluten content of flours does not always parallel nitrogen 
content, nevertheless seems to believe that the gluten content tells the 
quality of the flour. Fleurent (190ra) points out that hard wheats 
are richer in gluten than soft wheats. Konig and Rintelen (1904) find 
no direct relationship between gluten content and strength. Norton 
(1906) and Neumann and Mohs (1910) come to the same conclusion. 

Unable to find a direct relationship between gluten content and 
baking strength, Bremer (1907) and Schneidewind (1909) state that 
the baking strength of flour is dependent upon both quantity and qual- 
ity of the gluten. Their opinion is shared by many other investigators, 
the difficulty being in determining the quality. It is the practice in 
most of the laboratories which make the crude gluten determination to 
report on both the quantity and the quality of the gluten obtained. 
The attempt at reporting its quality is usually confined to such descrip- 
tive words as tenacious, elastic, inelastic, soft, sticky, etc., the grading 
depending solely on the worker’s judgment and memory. 

There have been many attempts to vary the gluten content of a 
given flour and to compare the loaf volume produced. Snyder (1901) 
reports the addition of 10 and 20 per cent wheat starch to a given 
flour without decreasing the loaf volume, altho of course the proportion 
of gluten in the mixture was decreased. In another set of experiments 
Snyder washed enough starch from a flour to increase the gluten in 
one case II per cent and in another 25 per cent without materially 
changing the size of the loaf: Stein (1904) found that adding dry 
gluten to the extent of 7 per cent increased the volume of the loaf 
in one instance from 140 to 160 cubic centimeters and in another 
instance from 144 to 170 and 172 cubic centimeters. Stockham (1920) 
reports an increase in loaf volume due to addition of gluten. He does 
not state just how the increase in gluten content was brought about. 

In this connection it is interesting to note that Olson (19r1r) at 
one time seemed to doubt the necessity of gluten in flour in order to 
make good bread. 

Total protein.—While numerous investigators have shown that the 
comparison of individual flours for strength on a basis of their protein 
content is very unreliable, Shutt (1907) (1908) came to the conclu- 
sion that there is in general a relationship between baking strength and 
protein content. Roberts (1920), investigating the protein content of 
the variety types, finds some relation between type of wheat and pro- 
tein content. Thomas (1917), in the comparison of total protein con- 


tent with baking tests, showed clearly, taking the average of hundreds — 
of determinations, an unmistakable relationship between loaf volume 
and protein content. It seems safe to conclude that taken as a whole | 


there is a relationship between protein content and baking strength 
¥ 
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but such a method of comparison is of little value when it is a ques- 
tion of comparing individual flours. 

Ghadin-glutenin ratio—To Einhof (1805) is attributed the dis- 
covery that wheat flour contained an alcohol-soluble protein which he 
considered the same as gluten. Taddei (1820) found that gluten 
consisted of two substances, one of which was soluble in alcohol. Since 
that time many investigations were carried out on the proteins of 
wheat gluten, namely those by Berzelius (1827), DeSaussure (1833), 
Boussingault (1837), Leibig (1841), Scherer (1841), Dumas 
and Cahours (1843), Mulder (1844), Ginsberg (1862), Martin 
(1886), Fleurent (1893), O’Brien (1895), and Ritthausen (1896) 
(1899), but the most thoro and exhaustive work was that done by 
Osborne and Voorhees (1893), also Osborne (1907), Osborne and 
Harris (1905) (1906), and Osborne and Clapp (1906), who showed 
conclusively that true wheat gluten was composed of only two pro- 
teins, 1.e., gliadin, soluble in medium concentrations of alcohol, and 
glutenin, insoluble in alcohol but soluble in dilute acids and alkalies. 

No sooner had the identity of the proteins in the wheat gluten 
been established than investigations were carried out to ascertain the 

_ratio of the two proteins in the glutens of strong and weak flours, 
_Fleurent (1896a) (1896b) (18982) (1898b) (1905) was one of the 
early workers to come to a conclusion on this point. He claimed that 
there was an optimum ratio of gliadin to glutenin of three to one, 
indicating a strong flour. If the ratio was greater or less than this 
optimum the flour was weak. He arrived at this conclusion by deter- 
mining the ratio for different flours and by adding the protein neces- 
sary to correct this ratio and finding an improvement. Snyder (1897) 
—  (1899a) (1899b) (1901) came to the same conclusion with the excep- 
tion that he thought the optimum ratio was 65 per cent of gliadin and 
35 per cent of glutenin for greatest baking strength. He arrived at 
his conclusion in much the same way as did Fleurent. Snyder (1gor) 
found that he could increase the gluten content from II to 25 per cent, 
the ratio of gliadin to glutenin remaining unaltered, without making 
an appreciable change in the volume of the loaf. This led him to the 
conclusion that it was not the quantity of gluten but the ratio of gliadin 
to glutenin that was the determining factor. Kosutany (1903) (1910) 
considers the gliadin-glutenin ratio of importance in determining thé 
Saking strength of flours. 
_ Guess (1900) came to the conclusion that the quantity of the gluten 
as well as its quality as expressed by the gliadin-glutenin ratio was a 
factor.in determining the strength of flour. He proposed that the 
liadin-glutenin ratio be called the quality factor and that the actual 
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quantity also be taken into consideration as a quantity factor. The 
product of the quality factor times the quantity of gluten represented 
the baking strength. .Norton (1906) comes to nearly the same con- 
clusion. Konig and Rintelen (1904), Wood (1907a) (1907b), Shutt 
(1909), Rammstedt (1909), and others came to the conclusion that 
the gliadin-glutenin ratio was not the determining factor in the 
strength of flour. 

The gliadin-glutenin ratio has fallen into disrepute for another 
reason, namely, the difficulty of actually determining the true propor- 
tions of gliadin and glutenin as they exist in the flour. As early as 
1862, Gtinsberg had shown that gliadin was appreciably soluble in 
water, and Teller (1896) found that gliadin was appreciably soluble in 


dilute salt solutions (as concentrated as 10 per cent). After making. 


the corrections for the solubility of the gliadin in salt solution he con- 
cluded that gliadin and glutenin occur in the flour in approximately 
equal amounts. Chamberlain (1904) found that a large part of the 
water- and salt-soluble proteins were also dissolved in 70 per cent 
alcohol and would appear as gliadin. Olson (1913) confirmed Cham- 
berlain’s results and proposed distilling off the alcohol from the gliadin 
solution and concentrating to a small volume. This procedure coagu- 
lated out the gliadin, which was then filtered off and the amounts 
were determined, fhe coagulum being considered pure gliadin. 

Bailey and Blish (1915) determined the amount of gliadin extracted 
from flours by means of water and salt solutions by taking advantage 
of the fact that the globulin and albumin of flour yield much less 
nitrogen in the ammonia fraction, when subjected to acid hydrolysis, 
than does gliadin. By a determination of the ammonia resulting from 
the acid hydrolysis of the proteins dissolved, they were able to deter- 
mine the relative proportions of gliadin removed. 

Gliadin content.—In addition to the use of the nitrogen determina- 
tion for the estimation of gliadin, Fleurent (1g01b) (1903) found 
that the gliadin content of a flour could be determined with sufficient 
accuracy by a determination of the density of an alcoholic solution ; 
while Mathewson (1906a) thought that “the change in density in gliadin 
solutions for such differences as would be met with in flour analysis 
would allow rather a narrow limit for experimental error.” Kjeldahl 
(1896), Osborne and Harris (1903), Snyder (1904), Marion (1906), 
Mathewson (1906b) (1908), Shaw (1907), Lindet and Ammann 
(1907), Thatcher (1907), Greaves (1911), and others investigated 
the use of the optical rotatory power of gliadin dissolved in alcohol 
as a means of its determination. Robertson and Greaves (1911) in- 


vestigated the refractive index of gliadin in various solvents as a . 
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means of its determination. These methods of determination of glia- 
din in aleoholic solution have not attained very wide use. 
While Greaves (1911) seems to conclude that pure gliadin reaches 
its maximum solubility in about 70 per cent alcohol, the percentage of 
protein extracted directly from flour by various concentrations of alco- 
hol seems to go through a maximum at a concentration of alcohol of 
from 50 to 60 per cent as shown by Snyder (1906), Hoagland (1911), 
Schleimer (1911), Greaves (1911), Olson (1913), and others. 
Chamberlain (1906), in attempting the separate analysis of the 
salt-soluble and alcohol-soluble proteins from the same sample of flour, 
confirmed his earlier work and that of Teller (1896)—that alcohol 
removed a large portion of the salt-soluble proteins. Chamberlain 
- found in addition that if he extracted first with salt solution and sub- 
sequently with alcohol, he removed less protein than if he extracted 
in the reverse order. For example, in a given flour alcohol extracted 
7.47 per cent protein, the subsequent extraction with salt solution re- 
moved 0.57 per cent in addition, or a total of 8.04 per cent removed 
by the. two treatments. The direct extraction of the flour with salt 
' solution removed 2.18 per cent and the subsequent extraction with 
alcohol removed 5.50 per cent, or a total of 7.68 per cent. His results 
point out still more strongly the difficulties encountered in a correct 
gliadin determination. 
Most of the attempts to correlate gliadin content with strength have 
been based on the amount of protein extracted directly from the flour 
_ with 7o per cent alcohol. While Konig and Rintelen (1904), Norton 
_ (1906), Thatcher (1907), Wood (19072), Rammstedt (1909), and 
Olson (1917) find no direct relationship between baking strength and 
gliadin content, nevertheless Norton believed that the best method at 
hand was the determination of the gliadin content together with the 
total protein content and the characteristics of the crude gluten, while 

 Shutt (1907) (1909) thought that, in general, there was a relation 
between gliadin content and strength. 

Fenyvessy (1911), attacking the problem in a somewhat different 
way, found that the loaf volume was increased by the addition of 

i gliadin to flour. He found that rye gliadin would produce the same 
effect and that most of the added gliadin could be recovered in oe 
_. erude hand-washed gluten. 

7 ; Martin (1920) has recently carried out an investigation of some 
_ of the properties of wheat flour which he thought might be correlated 
with strength. He finds for the flours investigated that, “Flours with 
_ high gas-retaining capacity and high bakers’ marks have been shown 
_ to “3 those in which the ‘amended gliadin’ figure is pees def oes 
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gas-retaining capacity, and ‘amended gliadin’ content are closely re- 
lated, and it is considered that the estimation of either of the latter 
together with the determination of the gas-producing capacity will 
indicate the strength of the flour.” The amended gliadin figure as 
used by Martin was determined by subtracting from the percentage 
of protein extracted from a sample of flour in a Soxhlet extractor by 
means of 50 per cent alcohol, the percentage of protein extracted from 
25 grams of flour by 250 cubic centimeters of water at 25° C., the 
time of extraction being three hours. 

Glutenin content——Guthrie (1896) has attributed the strength of 


flour to its glutenin content. He presents data showing that dried . 


glutenin takes up about 78 per cent of its weight of water while dried 
gliadin takes up only about 40 per cent of its weight. It must be 


remembered that Guthrie considers the water absorbing capacity of a 


flour a measure of strength when he says: 

“The strength or water absorbing capacity of a flour depends 
directly upon the relative proportion in which the two proteins are 
present in the gluten. 

“Tf the gluten contents of two flours are nearly the same, that will 
be the stronger flour which contains the larger proportion of glutenin. 

“Flours in which glutenin preponderates yield strong, tough, elas- 
tic, non-adhesive glutens. 

“Increased gliadin content produces a weak, sticky, and inelastic 
gluten.” . 

Woodman (1922), in a recent paper, concludes that the difference 
between a strong and a weak flour is due to a difference in the glu- 
tenin fraction. He bases his evidence on the optical behavior of the 
pure flour proteins when racemized at 37° with dilute alkali. He finds 
the gliadin from both types of flour to be identical, but the glutenins 
possess different optical rotations and when treated with alkali show 
different racemization: curves. Woodman states, “The factor which 
determines the size of the loaf is most probably connected with the 
diastatic capacity of the flour as was suggested by this investigator 
(Wood, 1907a). On the other hand, the factor which determines the 
shape of the loaf and which appears to be directly related to the phys- 
ical properties of the gluten of the flour, is possibly dependent on the 
particular glutenine mechanism possessed by the wheat. The results 
of this investigation suggest that the strong wheat synthesizes one type 
of glutenine and the weak wheat a different type.” We shall have 
occasion to refer later to these views of, Woodman in connection with 
our own experimental results. 

Fenyvessy (1911) pointed out that the addition of glutenin to flour 
caused a deterioration in the baking qualities of the flour, altho most 
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of the added protein could be recovered in the crude gluten determina- 
tion. He was unable to obtain crude gluten from rye flour to which 
_ gilutenin had been added. It perhaps might be mentioned here that 
} Nasmuth (1903) stated that glutenin had a definite coagulation tem- 

perature of 70° C. 

Water-soluble proteins—While es (1907), Shutt (1909), 
Rammstedt (1909), and Olson (1917) found no correlation between 
strength and water-soluble proteins, Rousseaux and Sirot (1913) 
(1918) believe that the strength of flour bears a direct relationship to 
the ratio of water-soluble protein to total protein. The ratio for good 
flours was found to be 1 to 5.72. The flours were considered weak if 
the ratio fell to 1 to 5.2. The ratio was found to be higher for the 
higher grades of flour. The ratio varied with the mill streams investi- 
Li gated. They report a ratio of 1 to 8 for a strong, glutenous American 
iW flour, and a ratio below 1 to 2 for a sample of flour that had been in 
storage for a long time. 

As a point of interest in this connection, Humphries (1910) made 
the observation that the addition of a bran extract to the flour in the 
doughing process improved the quality of the loaf. This effect was 
later confirmed by White (1913), and Willard and Swanson (1913). 
Stockham (1920) showed that the water extract from the different 
grades of flour when used in making the dough for baking, causes an 
| _ increase in the volume. He states: ’ 

“Tt may be seen that the extract from that grade having the great- 
} est quantity of extract though the weakest when baked alone has the 
most accelerating and beneficial influence.” 

, Chemical constitution of the proteins from strong and weak flotirs. 

‘ _ —Wood (1907a) found that the amide nitrogen distribution was the 
| same in the proteins of strong and weak flours. Groh and Friedl 

F (1914) found gliadin prepared from strong and weak flours to be 

__ identical in physical properties. 
Blish (1916) subjected the individual proteins prepared from 
strong and weak flours to analysis by the Van Slyke method of amino 
acid fractionation, and came to the conclusion that as far as the Van 
Slyke method would show, the proteins from strong and weak flours 
ere identical. : 

Sugar content—While it is a well known fact that the sugar’ 
content of the flour will affect the resulting loaf in many cases (Wood, 
go7a), and that the addition of sugar to flours which ordinarily 
ive loaves of small volume will in many cases cause a great improve- 
ent, this phase of the problem will not be considered here, as Shutt 
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(1908) and others have shown that the Sugar content is not the limit- 
ing factor and as the sugar content is usually corrected in the experi- 
mental baking, especially by the addition of sugar to the dough. 

Fat content.—The effect of fat or shortening on the baking prop- 
erties of wheat flour is a matter of common knowledge. Salmon 
(1908) found that if he extracted wheat flour with ether and then 
allowed the flour to dry spontaneously, the loaf made from it was much 
larger than was one made from the original flour. He also noted 
that the viscosity of the fatty matter varied within wide limits with 


the age and variety of the flour. Mohs (1915a) added increasing 


amounts of fats up to Io per cent and found the volume of the loaf 
was increased, different fats varying in their ability to increase volume. 


Stockham (1920) found that extracting flour with ether caused a de-. 


crease in the volume of the loaf. He investigated the effect of adding 
0.6 per cent of various fats and fatty acids and found that at this 
concentration wheat fat was the only one which caused a marked in- 
crease in the volume of the loaf while fatty acids all caused a decrease. 
He noted that the fat from a high-grade flour was relatively more 
solid than the fat from a low-grade flour. Saunders (1921) reports 
that the addition of about 3 per cent of lard increased the volume of 
the loaf on an average of 7 per cent. The effect of other fats and oils 
was studied. a 

Phosphorus content—The relation of phosphorus content to 
strength has been investigated by many workers. White and Beard 
(1913), in their study of the problem, determined total phosphorus, or- 
ganic phosphorus, inorganic phosphorus, and water-soluble phosphorus. 
They show that in general large loaves have less of all these groups 
of phosphorus. They concluded that the large loaves contained higher 
percentages of organic phosphorus than the smaller ones, the values 
for the larger being 93.5 per cent and for the smaller 87.3 per cent, 
altho the largest loaf contained only 85.8 per cent and the smallest 
94.6 per cent. 

Enaymes of wheat flour—The diastatic enzymes of wheat flour 
have received much attention. Baker and Hulton (1908), Ford and 
Guthrie (1908), Swanson and Calvin (1913), and others have investi- 
gated their relation to strength. The results of investigations show 
that weakness in many instances is apparently due to a lack of suffi- 
cient diastatic power in the flour to supply the sugar necessary for 
proper fermentation. To correct this difficulty it is a common baking 
practice to add malt flours and extracts, and sugars. Koch (1914), 
as a result of his investigation, concluded that there was no difference 
in the amount of either diastase or invertase in strong and weak flours. 
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The proteolytic enzymes, while perhaps playing an important part 
in the strength of flour, are very difficult to study. Vines (1903) 
found considerable proteolytic activity in extracts of wheat germ. 
Proteolytic enzymes are present only in small amounts’in flours, as 
shown by Baker and Hulton (1908), Ford and Guthrie (1908), Wea- 
ver and Wood (1920), Stockham (1920), and others. Stockham re- 
ports some very interesting experiments which indicate that the prote- 
olytic enzymes found in flour come mainly from the germ. His results 
also show an increase in proteolytic enzyme activity as the grade of 
the flour decreases, and in flours made from sprouted wheat. 

Gas-producing capacity—Wood (1906-8) found for a series of 
flours with which he worked that the gas-producing capacity was 
closely related to bakers’ marks, and believed that the determination 
of the gas-producing capacity gave an accurate indication of strength. 
The determination as first recommended by Wood was carried out by 
measuring over brine the amount of carbon dioxide evolved in 24 hours 
when 20 grams of flour was treated with yeast and water and incu- 
| bated at 35° C. While this method has been used by Wood (19074), 
i Baker and Hulton (1908), Martin (1920), and many other workers, 
}  Alway and Hartzell (1909) concluded that the method was of little 
| value. These authors found, in a series of tests extending over a 
month, in which the gas-producing capacity of the same flour was 
measured in duplicate 22 times, a difference amounting to as much as 
170 per cent in the amount of carbon dioxide evolved in the first hour 
of fermentation and differences as great as 18 per cent at the end of 
22 hours. These authors state: 

“There is clearly no direct connection shown between the size of 
the loaf and the volume of gas evolved. The 13 flours which gave the 
largest loaves evolved on the average somewhat less gas than the other 
13 flours.” 

Jago and Jago (1911), in their studies of the amount of gas 
evolved, used whole loaves and found that the strong flours evolved 
less gas than the weak ones. Stockham (1920) thinks that the amount 
of gas evolved is related to the grade of flour, the lower grades of flour 
as a rule evolving more carbon dioxide. The important relationship 
existing here has perhaps beer expressed more clearly by Bailey (1916) 
_ when he says, “The strength of flour is determined by the ratio between’ 

the rate of production of CO, in and the rate of loss of CO, from, 
the fermenting mass of dough.” He devised an automatic maximum 
_ reading expansimeter for measuring the maximum expansion attained 
_ by a given weight of flour in the form of a fermenting dough when 
one: treated exactly like another portion which was baked. His results show 
a a close relation between the maximum expansion reached by the dough 
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and the volume of the loaf produced: Bailey and Weigley (1922), 
working with a strong and a weak flour, investigated the rate of loss of 
carbon dioxide from doughs freshly made and from doughs which 
were normally fermented and ready to go into the oven. Their results 
show that the rate of loss of carbon dioxide is much greater from the 
weak-flour dough than from the strong-flour dough, the differences 
being especially marked in the doughs with no previous fermentation. 
The rate of expansion is correspondingly greater in the strong-flour 
dough as compared with the weak-flour dough. Fermented doughs 
expanded at a much more rapid rate than fresh doughs. To attain 
a given expansion of dough there was a much greater rate of loss of 
carbon dioxide from the weak-flour doughs than from the strong-flour 
doughs. 

Hydrogen-ion concentration.—Jessen-Hansen (1911) was the first 
‘to point out the influence of the hydrogen-ion concentration on the 
volume of the loaf of bread produced from a given flour. He found 
the optimum concentration of hydrogen-ions for baking was approxi- 
mately at a pH of 5 and that the volume of the loaf may be increased 
by the addition of acid if the pH without acid was greater than 5.0. In 
investigating the effect of flour improvers, he came to the conclusion 
that their effect was mainly to correct the hydrogen-ion concentration 
of the dough. ‘Asa result of the investigations of Jessen-Hansen, and 
of Cohn and Henderson (1918), Cohn, Wolbach, and Henderson 
(1918); Cohen, Cathcart, and Henderson (1918), and Henderson 
(1918) have devised a rapid method for the determination of the 
acidity of the baked loaf which consists in observing the color produced 
when a few drops of an alcoholic solution of methyl red are placed on 


the newly cut slice of bread. Morison and Collatz (1921) cast some_ 


doubt on the beneficial effect of acidity on loaf volume. 

Mechanical strength testers——Various mechanical testers have been 
devised for determining the baking value of flour.. One of the first 
was the so-called “aleurometer” devised by Boland (1849) which con- 
sisted in measuring the volume that hand-washed gluten would attain 
when placed in a cylinder and heated in an oil bath. Kunitz (1885) 
‘recommends heating for 20 minutes at 200° C. Foster’s gluten tester 
is an outgrowth of the aleurometer and measures the distance a 
plunger supporting a definite weight is moved by expanding gluten 
when baked. Sellnick (1899) devised a small apparatus which oper- 
ated as an oven and was heated by a given quantity of alcohol in a 
prescribed manner. Doughs were made, using 20 grams of flour, 0.5 
grain of sodium carbonate, 1 gram of acid potassium tartarate, and 18, 
20, or 22 cc. of water, and baked immediately, the result giving the 


relative baking values of the flour. Liebermann (1901) baked the 
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gluten washed from 20 grams of flour in a hollow capsule which he 
immersed in an oil bath heated to a temperature of 170° C., and from 
the volume of the baked gluten he determined the baking qualities of 
the flour. 

Boland, Meyer, Kunis, and Kreusler also developed apparatus de- 
signed to determine the strength of gluten of small amounts of flour. 
The methods devised by these men and others are described by 
Maurizio (1902), who applied them to several flours. In this connec- 
tion it is interesting to note that Mohs (1914) devised a mechanical 
gluten washer. 

Wood (1912) used a turbidity method for determining strength. 
The flour was shaken with water for one hour and a solution of iodine 
in potassium iodide was added to an aliquot of the filtered extract and 
allowed to stand for one hour. The depth of the liquid through which 


- an electric bulb could be seen was thought to be related to the strength 


of the flour. The greater the depth of liquid through which the bulb 
could be distinguished, the weaker the flour. 

Hankoezy (1920) devised an apparatus by means of which a bub- 
ble of dough could be blown from a thin dough membrane. He 
thought baking strength was related to the volume of the bubble and 
to the pressure the bubble would maintain. Chopin (1921) described 
a similar apparatus by means of which he measured the tenacity of 
a dough by determining the maximum size of a bubble which could be 
blown from a given dough membrane. He found a direct relation be- 
tween the square root of the volume of the bubble and the volume of 
loaf which a given flour would produce. 

Cytology—Miss Brenchley (1909) investigated the structure of 
the wheat kernel and its relation to strength. She concludes fyom 


her investigation that cytologically the wheat kernels that yield strong 


flours do not differ from those that yield weak flours. 
Colloid chemical investigations of strength of wheat flours.—With 


_ the comparatively recent development of colloid chemistry, particularly 

q the study of emulsoids, the attention of investigators on the subject 

- of flour stréngth has been turned te the study of the colloidal factors 
_ that might influence the baking quality of flour. 


Balland (1883) (1884), altho apparently not realizing the signifi- 


cance of his work from the colloid viewpoint, showed that gluten tritu- 
rated with saturated sodium chloride lost some of its weight and 
attained the consistency of rubber. By washing in distilled water the 
‘e gluten again took up the water which it had lost and attained its 


original weight, altho all the salt was not removed, as the ash was 


28 grams, the ash of an untreated portion being 0.154 grams. He 
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found solutions of the following salts to act similarly to sodium chlo- 
ride, but with greater or less intensity: ammonium acetate, potassium 
carbonate, copper sulfate, iron sulfate, magnesium sulfate, zinc sulfate, 
alum, and glycerine. After immersion in 1-10 solutions of potassium 
bromide, potassium. iodide, potassium nitrate; and 1-20 solutions of 
potassium chlorate and potassium borate; and in olive oil for 24 hours, 
the gluten did not appear to be modified. The gluten which was placed 
in the following solutions was attacked more or less and disappeared 
completely by washing in an excess of water: dilute nitric and hydro- 
chloric acids, 1-10 citric and tartaric acids, dilute alcohol, dilute ammonia 
water, crystalline lead acetate, lead subacetate, and mercuric nitrate. 
He dried 100 grams of gluten in air and found that it lost 56 grams 
of water. In washing in water it took up all the water it lost and 
attained its original elastic properties. A similar sample dried at 100° 
C. lost 65 grams of water, but when washed in water it took up only 
a part of the water lost and its elastic properties had disappeared. 
Stein (1904) tried the effect on the yield of crude gluten of mixing 
various salts with the flour. 

Wood (1907a) (1907b), Wood and Hardy (1908), and Hardy 
(1910) were the first to apply the methods used in the study of emul- 
soid colloids to the gluten from wheat flour. Hofmeister (1890) and 
many others had previously studied the effect of acids, bases, and salts 
on the imbibition of typical emulsoids. 

Wood (1907b) extended these studies to the Apo from wheat 
flour. He was the first to attribute the differences between strong and 
weak flours to the colloidal properties of the proteins rather than to the 
chemical properties. This conclusion was reached only after a careful 
investigation of the chemical properties, as noted previously, such as: 
total nitrogen, total gliadin nitrogen, amide nitrogen in ‘the gliadin, 
ratio of gliadin to total protein, total ash, acid, and carbon dioxide 
produced in the different flours. 

In their study of the effect of acids, bases, and sale on the gluten, 
Wood (1907b) and Wood and Hardy (1908) suspended strings of 
gluten across V-shaped glass rods and immersed these strings of gluten 
in beakers containing the solutions that were being investigated. They 
found that if the gluten was suspended in distilled water it retained 
its coherence almost indefinitely, but if suspended in o.oor normal 
hydrochloric acid, it immediately began to disperse, the rate of dis- 
persion increasing as the concentration of the acid increased up to 
about 0.033 normal. As the concentration of acid increased from this 
point the dispersion rate decreased until the gluten finally became more 
coherent in 0.083 normal hydrochloric acid than it was originally. It 


was noticed that with sulfuric, phosphoric, and oxalic acids, dispersion 
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took place even in high concentrations. Wood (1907b) also noticed 
that if salts were added to the acid solutions the effect of the acid was 
in a large measure counteracted. He concludes from his experiments 
that “the variations in coherence, elasticity, and water content observed 
in gluten extracted from different flours, are due rather to varying 
concentrations of acid and soluble salts in the natural surroundings of 
the gluten than to any intrinsic difference in the composition of the 
glutens themselves.” 
Olson (1912a) studied the effect of modifying the gluten environ- 
ment of the flour on the crude gluten determination. The method he 
used was to dough up Io grams of the flour with 6 cubic centimeters 
of the solution being studied. After standing for one hour the gluten 
was washed out with distilled water and the results were tabulated 
under the heads of percentage of gluten, weight of nitrogen in the 
gluten, percentage of nitrogen in the gluten, percentage of total nitro- 
gen, and percentage of total nitrogen calculated from the nitrogen in 
the gluten from the original. flour as Ioo. 
These determinations were carried out with the original flour, with 
flour that had been made up into a dough and then dried and remilled, 
with flour that had been made up into a dough and then dialyzed for 
about three days with frequent changes of water and then dried and 
remilled, and finally with flour that had been stirred with a large vol- 
ume of water and allowed to settle and the supernatant liquid decanted. 
After this process was repeated several times, the material was dried 
and remilled. He found that by mixing the untreated flour with 0.10 
normal solutions of acids, salts, and alkalies the yield of gluten decreases, 
the effect being in the following order, sodium phosphate having the 
least effect: sodium phosphate, sodium chloride, magnesium sulfate, 
potassium phosphate, calcium phosphate, aluminum sulfate, sodium 
hydroxide, potassium hydroxide, sulfuric acid, phosphoric acid, and 
hydrochloric acid. It was found that the mere doughing up and drying 
process changed the character of the gluten to a small extent. The 
glutens that had been dialyzed showed marked differences from the 
original flour, the gluten yield being smaller. In the case of the de- 
_ canted flour, it was almost impossible to collect the gluten, and values 
__were obtained only in the case of sodium and potassium hydroxide, 
sodium sulfate, and magnesium sulfate. The gluten could not even 
be collected when treated with water only. Olson states that acids 
have a greater prejudicial effect than alkalies, and that of the alkalies, 
calcium hydroxide has a greater prejudicial effect than sodium or po- 
tassium. He concludes “there is as yet some unknown substance which 
is important in causing a transformation of the physical properties of 
a ue gluten.” 
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Créh and Friedl (1914) made a careful study of the physical 
properties of gliadin separated from strong and weak flours. They 
studied the following physico-chemical properties of gliadin: solutions 
of the different flours in potassium hydroxide: viscosity, surface tension, 
specific rotation, gold number, refractive index, and the time it took a 
platinum sol to which a given amount of gliadin had been added, to 
decompose half of a known amount of hydrogen peroxide. They sep- 
arated the alcohol-soluble protein of flour into four fractions and found 
them all to be the same within experimental error except the first, 
which was shown to contain impurities. They show that the above 
physical constants of the gliadins separated from four flours of differ- 
ent strengths are the same. They conclude that the differences in 
strength are colloid-chemical and that these differences are changed 
either by the extraction with alcohol or by the treatment with potas- 
sium hydroxide. They obtained from rye an alcohol-soluble fraction 
which appeared to be identical with wheat gliadin in the above men- 
tioned physico-chemical properties. 

Upson and Calvin (1915) (1916) studied the imbibition of gluten 
as influenced by acids, and acids in the presence of salts. A more 
exact method was used than that of Wood and Hardy. The gluten 
was washed from flour and pressed into sheets from which dises were 
cut with a large cork borer. The discs were then weighed and placed 
in the various solutions for a given period of time, when they were 
removed and again weighed. The results were calculated on the basis 
of increase in grams per gram of moist gluten. They confirmed the 
findings of Wood and Hardy, finding the greatest imbibition in the 
case of hydrochloric acid at moderate concentrations (0.01 normal), 
while with high concentrations (0.2 to 0.5 normal), the solutions 
actually removed water from the gluten. They found that with lactic 
and acetic acids this effect was not so marked at the higher concen- 
trations, in the case of the lactic acid the swelling being almost as 
great in 0.5 normal as in 0.005 normal solutions. They also found 
that in the presence of acid plus various salts the swelling décreased 
almost in proportion to the amount of added salt. They also demon- 
strated the reversibility of the action. Discs that had more than doubled 


in weight after remaining in acetic acid for two hours, not only. 


resumed their original weight but also their original appearance and 
physical properties of toughness and elasticity, when placed in 0.1 
normal dipotassium phosphate for one hour. Upson and Calvin (1916) 
conclude “that the bread making qualities of dough made from wheat 
flour are dependent on the quantity and quality of the contained gluten. 
Quality of gluten is regulated by the kind and concentration of the 
acids and salts present in the dough. If the kind and amount of 
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acids and salts are such as to favor water absorption, the quality of 
the gluten will be poor, whereas the presence of acids and salts in such 
amounts as to tend to inhibit water absorption makes for an improved 
gluten.” 

Gortner and Doherty (1918) applied the method used by Upson 
and Calvin to gluten separated from flours of different strengths. The 
other workers in this field had worked with only one type of gluten 
and had drawn conclusions for the other types. Gortner and Doherty 
found that glutens from strong flours had a greater rate of imbibition 
than glutens from weak flours. This difference was noted in solutions 
of hydrochloric, acetic, lactic, orthophosphoric, and oxalic acids. They 
tried the effect on the swelling rate of five different glutens in various 
concentrations of these acids alone; and in the case of three of the 
glutens, the effect of hydrochloric and lactic acids in the presence of 
0.005 molar solutions of potassium chloride, potassium phosphate, po- 
tassium tartrate, calcium chloride, mercuric chloride, aluminum sulfate, 
and magnesium sulfate; and in addition the effect of the last named 
three salts on swelling with oxalic and acetic acids. While the effect 
of the addition of salts to the various acids was to decrease the imbi- 
bitional rate, the ratio of the effect on the strong and weak glutens 
remained about the same, that is, the strong flour glutens still had a 
_ higher rate of imbibition than the weak flour glutens. This is the first 
instance-in which a marked difference in physico-chemical properties 
has been found between the glutens from strong and weak flours, 
except, of course, in the general appearance of the gluten. Gortner 
and Doherty show that¢their results refute the conclusions of Upson 
and Calvin regarding flour strength in that the crude glutens investi- 
gated by both Gortner and Doherty and by Upson and Calvin con- 
tained almost the same amount of moisture. This-would not be the 
_case if the conclusion of Upson and Calvin were true. The differences 
in imbibitional power shown by the glutens that Gortner and Doherty 
used are so great that they could not possibly be correlated with the 
original moisture content of the wet gluten. These authors show that 
in addition to a marked difference in the rate of imbibition, there is 
a marked difference in the maximum hydration capacity, the weak- 

flour gluten dispersing much sooner and at a much lower water content 
than the strong-flour gluten. These results also refute the contention 
of Wood and Hardy (1908) that the difference between them is due 
to the strength of the electric double layer. If this were true the 
glutens would all have the same imbibitional rate but it would be found ‘ 


in different concentrations of acid. 


Gortner and Doherty conclude that the glutens are different even 
at the isoelectric point and that, “the difference between a strong and 
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weak gluten is apparently that between a nearly perfect colloidal gel 
with highly pronounced physico-chemical, properties, such as pertain 
to emulsoids, and that of a colloidal gel in which the properties are 
much less marked. It is suggested that such differences may be due 
to the size of the gluten particles and that at least a part of the par- 
ticles comprising the weak gluten may lie nearer the boundary between 
the colloidal and crystalloidal states of matter than is the case with the 
stronger glutens.”’ 

Henderson, Fenn, and Cohn (1919) report some very interesting 
studies of the effect of electrolytes on the viscosity of dough. The 
method used was to prepare a dough from a given flour, using a con- 
stant volume of water or solution. Twelve grams of this dough were 
placed in a small chamber with pins protruding from the bottom to 
hold the dough firmly, a paddle wheel was thrust into the dough and 
rotated by means of a weight on the end of a string which passed over 
a pulley, and the time taken for this weight to move through a dis- 
tance of 2 meters was used to indicate the viscosity of the dough. In 
studying the effect of hydrogen-ion concentration, it was found that 
the viscosity of the dough passed through a minimum occurring at ap- 
proximately a pH of 4.7. By adding increasing concentrations of 
sodium chloride to the dough the viscosity first fell and then rose to 
above its original value. Magnesium sulfate caused a greater fall over 
a longer range of concentration and a slight rise at the higher concen- 


trations. The effect of various concentrations of sodium chloride at 


a pH of 5.8 and of 4.8 was investigated. The viscosity fell more at 
4.8 and the rise in the higher concentrations of salt was very slight. 
By using a constant quantity of the various salts and varying the 
hydrogen-ion concentration, the minimum viscosity values were found 
at widely different hydrogen-ion concentrations. The minimum with 
sodium chloride was found at.a pH of about 3.8, while with calcium 
chloride the minimum was at 5.8. The authors state, “It is advan- 
tageous to employ a dough of relatively low viscosity or, speaking more 
correctly, to reduce whatever quantity of gluten may be present to a 
condition in which the viscosity is low.” . f 

In a later paper Henderson, Cohn, Cathcart, Wachman, and Fenn 
(1919) report some of the results of their study on the conductivity, 
hydrogen-ion concentrations, and binding power of gluten in the pres- 
ence of acid or alkali. These authors conclude, “The results seem to 
show that simple chemical phenomena are most important in such 
systems and that the modification of these resulting from colloidal 
and heterogeneous characteristics are of secondary importance in deter- 
mining the condition of equilibrium tho somewhat significant in’ the 
progress of the system toward the condition of equilibrium.” 
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Mohs (1915b), in a genera! theoretical discussion, points out the 
importance of the different phases, especially the relationship of the 
surface involved and the resulting power of adsorption. He emphasizes 
particularly the behavior of gliadin as a protective colloid. He ex- 
plained that the gluten in the dough is in the gel state, in the flour it 
was said to be present in a more dehydrated form, while if the flour 
was heated the gluten was irreversibly coagulated and would not again 
take up water to form gluten. 

Ostwald (1919), Ltiers (1919), and Ltters and Ostwald (1919) 
(1920a) (1920b) investigated the problem of bread making from the 
colloid standpoint. Ostwald (1919), in the first paper of the series, 
gave a general discussion of the bread baking process from the colloid 
viewpoint. He said that flour is a coarse dispersion of several poor- 
in-water hydrogels, such as protein gel, carbohydrate gel, the starch 
grains, and cellulose gel of the cell walls (crude fiber). There are 
also present the molecularly dispersed substances, salts, sugar, acid, 
and especially water, also gases not only dissolved but adsorbed on the 
surface. The dough is described as a polydisperse system where water 
is the dispersion medium in which dextrin, sugar, alcohol, and espe- 
cially salts, acids, and gases are molecularly dispersed, the dissolved 
plant albumin, swollen starch grains, and finer gas bubbles are colloid- 
ally dispersed, and finally the yeast cells and lactic acid bacteria make 
up the coarse dispersed part. The dough has a combination of the 
properties of a solid and a liquid. In the baking process the starch 
becomes gelatinized and the protein coagulated, the carbon dioxide and 
some of the water are driven from the molecular dispersion over into 
a gas dispersion which becomes fixed in the gel sponge structure of the 
bread. Ostwald suggests that the staling of bread might be due to 
syneresis. He also points out many lines of investigation in which 
viscosity determinations under certain conditions would throw light 
on the problem of bread baking. 

Liters and Ostwald (1919), in the second paper of the series, began 
a study of the viscosity of the flour paste made by heating the flour 
_ with water at 100° C. They considered that there were two great 
regions offered for viscosity study, the one which has to do with dough 
formation and the other with dough baking. They believed the prop- 
erties making for a good dough and those making for good baking 
conditions are distinct. The method used in preparation of the flour 
pastes was first to dough up the accurately weighed amount of flour 
with small amounts of water, finally adding a total of 10 cc. This 
_ material was poured into 100 cc. of boiling water and heated one min- 
ute, and then filtered through muslin into a tared 500 cc. Erlenmeyer 
ask, washed, and made up to a weight of 200 grams, closed with a 
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stopper carrying a capillary tube, placed in a boiling water bath for half 
an hour, cooled to 20° C., and the viscosity determined in an Ostwald 
capillary viscosimeter. The viscosimeter used had a capacity of about 
10 cc. and the time of outflow for water was about two minutes. 

Using this method it was found that boiling from half an hour to 
two hours decreased the time of outflow from 1098 to 1079 fifths of 
seconds. When working with the lower concentrations it was found 
that if a more concentrated solution was first made up and then diluted 
the readings were much higher than if the more dilute solution was 

_made up directly. The viscosity of the diluted solution eventually fell 
to a value nearly the same as the one made up directly without pre- 
vious dilution. The explanation offered for this phenomenon is that 
in more concentrated flour pastes larger particles are present and the 
dilution causes an increase in the degree of dispersion. In an investi- 
gation of the different grades of flour, these authors found the vis- 
cosity of flour pastes divided themselves into three classes; the patent 
flours showed a greater viscosity than the straight flours, while the 
first clear flour showed the least viscosity. This was found to hold for 
both the wheat and the rye flours investigated. They concluded that 
the viscosity of the flour pastes was directly proportional to the starch 
content and suggested that the viscosity of the starch pastes might be 
used as a method ‘of measuring the starch content of flours. It was 
found that the addition of increasing concentrations of sulfuric acid 
caused an increase in viscosity amounting to from 7 to 9 per cent, fol- 
lowed by a fall in viscosity. They attribute this effect to the protein 
present and not to.the starch, since Samec (1912) (1914) and Samec 
and von Hoefft (1913) have shown acids to have the reverse effect 
on pure starch pastes. 

In the measurement of the viscosity of the dough solutions, Liters 
and Ostwald used a viscosimeter.of the Ostwald type having a capil- 
lary 3.5 millimeters in diameter and a capacity of about 20 cc. The 
time of outflow for water was 24 fifths of seconds. The dough solu- 
tions were prepared by adding to the flour one and one-half times its 
weight of water and stirring to a paste, then adding water from a 
burette until the desired amount had been added. ‘These authors in- 
vestigated solutions ranging in concentration from 7 to 20 per cent 
flour. They found that rye flours of the same grade and concentra- 
tion gave relatively much more viscous solutions than did wheat flours, 
eand this is suggested as a method of differentiating the two. With 
wheat flour the lower the grade the more viscous was the solution, 
just the reverse of the behavior of the flour pastes prepared by heat- 


ing the flour in water. With rye flours, the same rule holds except 


that the clear and the 94 per cent flour both showed a low viscosity. 
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They attribute this to the presence of more of the proteins from the 
/ aleurone layer which they think have a depressing effect on the viscos- 
| ity. It was found that the viscosity of the wheat flour solutions de- 
| creased with time except in the 40 per cent patent in a flour-water 
| suspension of 13.05 per cent (the highest investigated) in which there 
was a slight increase followed by a decrease. With rye flours, how- 
ever, there was an increase with time of standing in all cases amount- 
|’ ing to 13 per cent in the 4o per cent rye patent in a flour-water 
suspension of 13.05 per cent, the highest investigated. They were 
unable to find in the literature any instance in which this after-swelling 
had been taken into consideration. 

The investigation which these authors carried out on the effect of 
various concentrations of lactic acid on the rye and wheat flours of 
different grades is so interesting that some of their data are grouped 
in Table I. 3 

TABLE I 


Errect oF 0.050 Normat Sotutions or Lactic Actp on RELATIVE Viscosity (WATER TAKEN 
As Unity) oF 20% Sotutions oF WHEAT FLOUR oF DIFFERENT GRADES AND OF 0.015 
Normat Soiution. or Lactic Acip on 6.98% SoLutions or Rye 


Frours oF DirrERENT Grapes. ‘TEMPERATURE 20° C.*7 


7 
20 per cent wheat flour solutions 6.98 per cent rye flour solutions 
Mill grade _ oe = = 
per cent extraction Viscosity in Viscosity in Viscosity in Viscosity in 

_ water 0.050 N lactic acid water 0.015 N lactic acid 
0-40 3-54 x6. 16 2.17 2.00 
0-60 4.24 22.29 Bess 3.02 
0-75 4.54 11.04 3-96 3.88 
0-90 4.71 7-67 4.38 4.08 
0-94 Sets 7.70 2.88 : 2.64 
: 60-90 9.67 9.79 2.29 2.13 

if. clear 


n 


* Data taken from work of Luters and Ostwald (Kolloid Z. Bd. 25, S. 126-127). 

7 Intermediate concentrations ‘were also investigated but the differences are most apparent. 
in the values selected for this table. In the case of the 75% rye flour, a rise to 4.46 was 
found in lactic acid of 0.0038 normality. 


With wheat flours, except the 40 per cent patent, the effect of acid 
in increasing the viscosity diminishes as the grade decreases. One of 
a the most striking results of this study is the difference in effect of lactic 
> acid on the rye and the wheat flours. Acid seems to have relatively 
10 effect in increasing the viscosity of rye flour solutions. 

These authors investigated the hydrogen-ion concentration of the 
solution filtered from 7.5 per cent dough solutions of various grades 
of flour when made up with water and when made up with 0.0038 
“normal lactic acid, and found that the higher the grade the more acid 
_ was the water solution, also the higher the grade the more acid was 
the lactic acid solution. The actual hydrogen-ion concentration of the 
_ water extract of rye and wheat flours of the same grade was nearly 
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the same. The spread of the difference of hydrogen-ion concentration 
between water and lactic acid solutions decreased with the grade. A 
more thoro study of this point has been carried out by Bailey and 
Peterson (1921) who found a close relationship between the buffer 
value of the water extract and the grade of the flour, the lower grades 
having the greatest buffer value. 

Ltiers and Ostwald studied the effect of sodium chloride on the 
viscosity of the different grades of flour and found that it decreased 
the viscosity. In their study of the effect of the various hard waters 
they found that some of them raised the viscosity while others low- 
ered it. In one instance a weak rye flour of 94 per cent extraction was 
compared in viscosity with the 94 per cent rye flour previously used 
and was found to have only about two-thirds the viscosity of the lat- 
ter. It was found that the addition of salt to the concentration used 
did not decrease the viscosity of the weak flour. 

In the third paper of this series, Liters (1919) took up a study of 
the gliadin prepared from wheat and rye flours. He studied the effect 
of acids, bases, and salts on the viscosity of gliadin sels. In each 
experiment, 15 cc. of carbon dioxide-free distilled water was placed 
in the viscosimeter and 2 ca of an alcohol solution of gliadin of a 
known concentration was added. The outlet tubes of the viscosimeter 
were protected frdm carbon dioxide with soda lime tubes, and air 
was blown through the apparatus to stir the solution. The effect of 
the electrolyte being studied was carried out by adding small amounts 
of a concentrated solution to the material already in the viscosimeter, 
corrections being made for the dilution. The reason for guarding 
against carbon dioxide was that he found gliadin to be precipitated by 
the trace of carbon dioxide ordinarily present in the distilled water. 
Gliadin was, however, found to dissolve in water saturated with car- 
bon dioxide. It was found that as increasing amounts of hydrochloric 
acid were added the viscosity of the gliadin solution decreased slightly, 
then increased to a maximum and again fell to nearly its original value. 
With sodium hydroxide the viscosity rose to a maximum and remained 
near the maximum: point as far as investigated. The maximum for 
the sodium hydroxide was not nearly so high as for the hydrochloric 


acid. It was found that hydrochloric, sulfuric, and lactic acids at low - 


concentrations all precipitated gliadin. The increase in viscosity pro- 
duced by increasing concentrations of sulfuric acid was not great and 
gliadin was precipitated at the higher concentrations. Lactic acid 
caused a greater rise in viscosity than did sulfuric acid and produced 
only a slight turbidity at the higher concentrations. The maximum 
viscosity for hydrochloric acid occurred at a normality of 0.0004 for 
wheat, and 0.00066 for rye gliadin. The maximum viscosity obtained 
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sith sulfuric acid occurred at a concentration of 0.0022 normal for 
| both wheat and rye gliadin. With lactic acid the values were 0.018 
| and 0.011 normal. With sodium hydroxide the maximum was found 
| to be at 0.0022 normal for both, while the maximum for the wheat 
_ gliadin in barium hydroxide was at 0.013 normal and for rye gliadin 
0.014 normal. 

Salt solutions were found to have a depressing effect on the vis- 
cosity in the presence of lactic acid. Hydrochloric acid was found to 
have a marked increasing effect on the viscosity of the gliadin when 
dissolved in 71.5 and 42.6 per cent alcohol. The viscosity in each case 
passed through a maximum at 0.0015 normal hydrochloric acid. It 
was shown that the viscosity increased with rise in temperature. Dilut- 
ing the gliadin solution with water caused an increase in viscosity, but 
' if 0.05 cc. of 0.5 normal hydrochloric acid had been added previously, 
} the viscosity decreased with dilution. The author explained the rise 
_ in the first instance as being due to dilution of the alcohol which per- 
_ mitted a hydration of the gliadin by water, while with hydrochloric 
_ acid of the concentration mentioned no hydration could take place. 
: In all the experiments reported, no essential difference was noted be- 
_ tween the gliadin from wheat and that from rye and the author con- 
{| cluded that they were identical. This confirms the earlier conclusions 

_ of Groh and Friedl (1914). 
i Liiers reported the results of three cataphoresis experiments. At 
| a pH of 9.05 the gliadin migrated to the anode, at 6.70 there was no 
_ apparent migration, and at 5.98 the migration was to the cathode. The 
| coagulation optimum was found near a pH of 6.15. He concluded 
that the isoelectric point of gliadin is near the neutral point. Rona 
_and Michaelis (1910) found the isoelectric point of gliadin to be at a 
_hydrogen-ion concentration of 6.0 X 10 or a pH of approximately 
9.2. Liuers found that gliadin bound more base than acid. The author 
concluded that the hydrosol of gliadin was a suspensoid because it 
was so sensitive to electrolytes, while in alcohol gliadin was an emul- 
soid. He found the precipitate obtained at the isoelectric point was 
- different in character from the precipitate obtained in high concen- 
| trations of acid. He considered that gliadin would be in a slightly 
|| swollen condition at a pH of 5.0, which Jessen-Hansen (1911) had 
| shown to be the optimum for bread making. Liiers seemed to con- “ 
er gliadin the most important colloid of the gluten and empha- 
zed its value as a protective colloid, yet he mentioned that glutenin 
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ly of the viscosity of two weak rye flours. They found that one 
about one-fourth the viscosity of the normal rye flour of the same 
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grade. It is emphasized that the best flour should probably show a 
medium viscosity, neither too high nor too low. 

In a fifth paper, Liters and Ostwald (1920b) discuss the work of 
Upson and Calvin (1916). They state that their conclusions are in 
essential agreement. While both emphasize that it is the quality and 
not the quantity of the gluten which is important, they seem to think 
that the quality is regulated by the acids and salts present in the flour, 
or those added to it. 

In a later paper, Liters and Schneider (1921) discuss the methods 
of measurement of the swelling of colloids as applied to the proteins 
of flour. They found that by using the viscosity and sedimentation 
method as affected by acid and alkali they obtained results which when 
expressed graphically gave curves similar to the ones obtained by 
Upson and Calvin (1916) for the swelling of gluten discs by the 
weight method. These curves were also similar to the ones obtained 
by Liters (1919) for the viscosity of gliadin. They conclude that all 
three methods accomplish the desired object. 

Whymper (1920) emphasizes the importance of the starch in the 
colloid chemistry of bread making. 

Stockham (1920) determined the concentration of various salts 
necessary to overcome the dispersing effect on gluten of several acids 
in different concentrations. He also states ,“Gluten may easily be ob- 
tained in a coherent form from the dispersed state but attempts to 
secure gluten in this manner identical in properties with the original 
were not satisfactory.” 

Sharp and Gortner (1922) in a continuation of work along ihe 
line begun by Gortner and Doherty (1918) found, in a study of the 
imbibitional properties of the glutens from four different flours, that 
the strong flour gluten had a much higher rate of imbibition than the 


weak flour ‘gluten. Sharp and Gortner found this difference in rate 


held in solutions of various concentrations of hydrochloric acid, lactic 
acid, and potassium, sodium, barium, calcium, and ammonium hydrox- 
ides. They conclude that the presence of salts decreases the imbi- 
bition in alkalies in somewhat the same,manner as in acids. They find 
the reaction of glutens in alkalies to be somewhat different from the 
reaction of the glutens to acids, dispersion taking place much more 
rapidly and at lower concentrations in the case of alkalies. 

They state, “Drying the glutens washed from the different flours 
in a vacuum oven at 45-50° C. markedly altered the physico-chemical 
properties of the glutens, the properties of the different glutens studied 


becoming more nearly alike. This conclusion is in complete accord 
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| with the theory that the strong gluten is strong because of more pro- 
nounced colloidal properties, inasmuch as it is well known that alter- 
nately wetting and drying a colloidal gel breaks down the gel structure.” 

Sharp and Gortner present evidence tending to show that the opti- 

mum hydrogen-ion concentration for the imbibition of discs of gluten 
is the same for the various acids. They conclude that their findings 
are in complete accord with the earlier postulate of Gortner and 
Doherty (1918). 
_ Mohs (1922) makes a three-fold division of the water content of 
the gluten of flour: (1) The lowest, which is found in flour that has 
been heated ; (2) that which is found in normal flour (in this division 
the “hard” wheat gluten contains less water than the “weak”? wheat 
gluten) ; (3) that obtained when flour is mixed with water (in this divi- 
sion the weaker the flour the greater the quantity of water absorbed by 
the gluten). This representation is in close agreement with the explana- 
tions of Upson and Calvin (1916) who in addition believe that a 
special combination of electrolytes causes the gluten to take up more 
water and thus behave as a weak gluten. Gortner and Doherty (1918) 
did not agree with the explanations of Upson and Calvin. 

Mohs thought that the gluten particles of the strongest flours ad-. 
sorbed the water on their surfaces but that no water penetrated them. 
Such flours were too strong. In the case of the normal flour it was 
explained that part of the water was adsorbed on the surface and part 
entered the gluten particles, causing them to swell; while with the 
weak flour gluten the water all entered the particles with none or rela- 
tively little on the outer surface, and this hydration of the interior 
had a great tendency to cause the disintegration of the particles. 

' This review of the main lines of investigation on flour strength 
seems to indicate that the greatest advance toward a solution of the 
_ problem has been made in the investigation of the colloidal properties 
of flour. 
: In taking up a further study of the colloidal properties of the 
‘strong and weak flours, the method previously used by Sharp and 
Gortner (1922) and others, of washing out the glutens and studying 
heir imbibitional rates, was abandoned for the much simpler proced- 
re used by Ltters and Ostwald (1919), which consisted essentially 
n determining the viscosity of a flour-in-water suspension. ; 
Sharp and Gortner (1919) had found that when glutens were dis- 
solved in various concentrations of potassium hydroxide the gluten 
rom a strong flour exhibited a greater viscosity than that from a weak 
our. The concentration of dispersed gluten was ascertained by means 
a Kjeldahl determination on an aliquot of the potassium hydroxide 
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VISCOSITY OF COLLOIDAL SYSTEMS 


In the following discussion no attempt is made to review all the 
literature on the viscosity of colloids. The discussion is intended 
rather to indicate the special applications of viscosity measurements 
to colloidal systems, and to show how viscosity measurements have 
bene made to serve as an index to the changes taking place in such 
systems. 

Coefficient of viscosity—The coefficient of viscosity in the centi- 
meter, gram, second system may be defined as that force which when 
exerted on unit area between two parallel planes of unit area placed 
one centimeter apart would produce a difference in the velocity of 
streaming of the two planes of one centimeter per second. The recip- 
rocal of the viscosity is called, the fluidity. 

It was suggested by Deeley and Parr (1913) and taker recom- 
mended by Bingham and Jackson (1917) that the unit of viscosity be 
called the “poise”? to commemorate Poiseuille’s pioneer work in the 
field of viscosity studies. It is also convenient to use the sub-multiple 
of this unit which therefore is called the “centipoise.” It so happens 
that one centipoise is almost exactly the absolute viscosity of water at 
20° C. The value given by Bingham and Jackson (1917) is 1.0050 
centipoise, ; 

Methods of measurement.—The methods used for the measure- 
ment of: viscosity are modifications of a few general types. The two 
types used in this investigation will be discussed in some detail. The 
first of these is the method studied first by Poiseuille (1847), who 
developed from the results of his measurements the equation for the 
flow of a liquid through small capillary tubes. The equation as devel- 
oped by Poiseuille was 


pret 
V=K — i 


in which V was the volume of the liquid which flowed in the time t, 
through a capillary whose length was 1 and whose diameter was D, 
p being the pressure causing the flow and K being a constant: This 
equation was developed further by Hagenbach (1860) who expressed 
the relationship in the following form: 
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Where 7 is the coefficient of viscosity, r the radius of the capillary, 


1 its length, V the volume passing through the capillary under a — 


pressure p, in the time t. We see from these two equations that for 
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| Z - . 
la given volume of liquid and a given capillary the time of outflow will 


be inversely proportional to the pressure causing flow. This, in brief, 
| is Poiseuille’s law. This equation has been found to hold fairly well 
| for pure liquids within normal ranges of pressure and for small capil- 
laries whose length exceeds a minimum value. In the more accurate 
work a correction for kinetic energy is introduced. The following 
| equation is given by Bingham and White (1912): 


a en Pt Mp V 
Pees V+ A) Sat (1+ A) 


| Where 7 is the coefficient of viscosity, g the gravitational constant, 
p the pressure, t the time taken for the volume of liquid V to flow 
| through the capillary of length 1 and radius r. p is the density of the 
liquid, M is a constant to which the author assigns the value of 1.12, 
.and 2 is a correction to be made to the length of the oes on 
account of viscous resistance outside the capillary. 

Reynolds (1883) found that, for large tubes, as soon as the pres- 
_ sure forcing the liquid through the tubes exceeded a certain value, 
- Poiseuille’s law no longer held and the movement of the liquid through 
a the tube instead of being smooth became turbulent. Glaser (1907) 
: investigated the effect of the diameter and the length of the capillary 
ic on the validity of Poiseuille’s law and found that for very viscous sub- 
% 
; 


_ stances Poiseuille’s law held, while with less viscous substances it did 
Pot: 


Bose (1911), Bose and Bose (1911), Sorkau (1911), and others 
also investigated the effect of pressure on flow through capillary tubes. 

> Sorkau (1912) explained the flow of liquids through a capillary in the 
i three states of turbulence as follows: Turbulence No. 1 was the ordi- 
) nary flow in which Poiseuille’s law holds. Turbulence No. 2 was a 
z transition condition between Turbulence Nos. 1 and 3. Turbulence 
f No. 3 was a condition which exists at higher pressures. In this case 
the liquid moves through the capillary more or less like a solid rod, 
and between the column of liquid and the wall a portion of the liquid 
rms a smooth sliding surface. 

'_ While there are numerous forms of capillary viscosimeters, per- 
_ haps the Ostwald type is the best known. In using this apparatus the 
me of outflow for a liquid whose viscosity is known must first be’ 
determined, then the viscosity of any other liquid may be determined 
from the equation, knowing the time of outflow and the densities. 
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Where 7 and », are the viscosities of the standard and unknown liq- 
uids respectively, t and t, are the times of outflow and D and D, are 
the densities. For very refined work, Bingham and White (1912) 
suggest a correction for differences in kinetic energy. 

A second type of instrument has been devised for the determi- 
nation of the viscosity of a liquid by a torsional balance. This method 
appears to have been first used by Coulomb (1800). A disc, ball, or 
cylinder is suspended by means of a fine wire in a cylinder containing 
the liquid being investigated. In instruments of the Doolittle (18932) 
(1893b) type the inner ball is usually rotated through one revolution 
and then released. The damping effect of the liquid on its rotation 
indicates the viscosity, the more the rotation is retarded the higher 
the viscosity of the liquid. In instruments of the Couette (1890) 
type the outer cylinder is rotated at a constant speed until the torsional 
force exerted on the wire by the suspended cylinder balances the vis- 
cous resistance of the liquid, and remains in a fixed position. The 
angular displacement is then read off on some convenient scale. In 
instruments of this type care is taken to eliminate the effect of the 
ends, as for example, the apparatus, used by Perry, Graham, and Heath 
(1893), Drew (1901), Hatschek (1913a) (1913b), and others, which 
permits the calculation of the viscosity coefficient from the dimensions 
of the apparatus. 

MacMichael (1915) devised an apparatus of this type which has 
been used more or less in the United States. In this instrument a disc 
was suspended in a cylinder containing the liquid being investigated. 
It was necessary to calibrate the instrument with a solution of known 
viscosity, in order to express the results in absolute units. 

Hays and Lewis (1916) devised an apparatus quite similar to the 
MacMichael viscosimeter. 

Herschel (1920), of the Bureau of Standards, in a study of the 
MacMichael viscosimeter found it impossible to calculate the viscosity 
of a liquid from the dimensions of the instrument. In an attempt. to 
more nearly approach ideal conditions, a modification of the Mac- 
Michael instrument was developed by Eimer and Amend in which a 
cylinder of 1 centimeter diameter suspended in an outer cylinder of 


3 centimeters diameter was substituted for the disc in the old instru- | 


ment. The lower end of the inner cylinder was concave so that a 
bubble of air was caught in the recess, thus eliminating the lower 
end. The outer cylinder was rotated at a constant speed of 19.1 revolu- 
tions per minute. These conditions thus simulate very closely the — 
definition of the unit of viscosity in which the planes are 1 centimeter — 
apart and the difference in velocity is 1 centimeter per second. 
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Viscosity measurements have attained a wide use in the testing of 
lubricating oils. Technical viscosimeters have been devised for this 
purpose by Saybolt, Enger, Redwood, Tagliabue, Dudley, Scott, Doo- 
little, Magruder, and others. These instruments and the methods of 
use are all described by Gill (1910) as chairman of a committee of 
the American Society of Testing aos on standard tests for 
lubricants. 

Equations for the viscosity of colloidal systems.—Einstein (1906) 
{igit), Hatschek (1910) (1911), Arrhenius (1916), Smoluchowski 
(1916), and Hess (1920a) have developed equations for the viscosity 
of colloidal solutions based more or less on theoretical considerations. 
These equations all express the viscosity of the colloidal systems in 
terms of the viscosity of the dispersion medium and some relationship 
with the volume occupied by the dispersed phase. 

Bingham and Durham (i911) found that the decrease in fluidity 
of clay suspensions was directly proportional to the volume concen- 
tration of the dispersed phase. Bingham (1916), in a further study 
on clay suspensions, showed that as the concentration of the clay in- 
creased, the system passed from the viscous to the plastic flow. In 
order to cause the flow of plastic substances, the shearing force must 
exceed a definite minimal value. This minimal value he calls the fric- 
tion constant. In his study of plastic flow through capillary tubes, 
Bingham found that if the friction constant was subtracted fronr the 
pressure producing the flow, within certain limits, the volume of flow 
was then directly proportional to this difference. He thus showed 
that there were two factors entering into the flow of plastic materials, 
namely, the friction constant and the mobility. Bingham (1922) has 
» recently published in book form a discussion of fluidity and plasticity. 

| Special factors which influence the viscosity of colloids —The vis- 
; _ cosity of pure liquids and molecular solutions was found to be inde- 
_ pendent of the rate of shear within the lower limits. Even at extremely 
_ low rates of shear, Duff (1905), Gurney (1908a), and Griffiths and 
Griffiths (1921) found that Poiseuille’s law held. This was not found 
; ‘to be the case with some colloidal solutions, as shown by Hess (1910) 
_ (1912a) (1912b) (19202) (1920b), Hatschek (1913a), Rothmann 
(1914) and especially Rothlin (1919), the colloidal solution always, 
ming less viscous at the higher rates of shear. 
- Rothlin, using the horizontal capillary tube method, found that for 
I per cent gelatin sol at 15.5° C. the deviations from Poiseuille’s 
were greater the longer me solution stood after preparation. He 
o found that the lower the temperature at which the determination 
s carried out the greater the deviation. Albumin solutions deviated 
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at the lower rates of shear, while the law seemed to hold with casein 
sols. 

Starch sols were prepared by heating both the soluble and insoluble 
modifications. Poiseuille’s law was found to hold with the soluble 
starch but not with the insoluble starch, neither did it hold with agar- 
agar or soap solutions. Rothlin concludes that Poiseuille’s law does 
not hold with those sols which have a tendency toward gel formation, 
and explains that in such sols a cohesive force must be overcome. 

Rothmann (1914), in his investigations on the viscosity of blood, 
found that for frogs’ blood Poiseuille’s law held for a capillary tube 
having a diameter of 465, but it did not hold for a tube whose diameter 
was 100u. He believed that the validity of Poiseuille’s law depended 
on the ratio of particle size to capillary diameter, the larger the value 
of this ratio the greater the deviation from the law. 

Humphrey and Hatschek (1916), using a modified Couette appa- 
ratus, found that the viscosity of rigid particles was a function of the 
rate of shear. 

Shorter (1906) (1909) found that saponin, peptone, and albumin 
solutions affected the viscosity of the surface of their solution, so that 
a definite change in viscosity could be detected when a complete layer 
of molecules was formed on the surface. Dienes (1911), using a 
Coulomb viscosimeter, found the viscosity of water and salt solutions 
increased with the depth of immersion of the disc; while with sols of 
egg white, horse blood serum, and methyl violet the greatest viscosity 
was obtained just beneath the surface, the viscosity at first decreasing 
with increasing depth of immersion until a minimum value was reached, 
and then increasing. Gurney (1908b), using a modified Couette ap- 
paratus, found that water exhibited considerable rigidity of surface, 
amounting to four or five times its viscosity at extremely low rates 
of shear. 

Odén (1912), in his investigations on the properties of very con- 
centrated sulphur hydrosols, measured the viscosity of the sols of 
various concentrations. He found that the sols whose particles were in a 
finer state of subdivision had the greatest viscosity. The difference 
was more marked at the higher concentrations. ui 

Schroeder (1903), Ostwald (1905) and others have found that 
prolonged boiling decreases the viscosity of gelatin solutions. Some of — 
the factors influencing the viscosity of gelatin and glues have Renita 
been investigated by Bogue (1920) (1921). | 

Woudstra (1908) carried out an investigation of the viscosity of # 
suspensoids. He (1911) found that the coagulation of iron oxide ae | 
could be followed by measuring the viscosity of the solution. »A de-— 
crease in viscosity occurred which he attributed to a decrease in the 
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| degree of dispersion. .This decrease was followed by an increase in 
viscosity due to the large particles coagulating out and stopping up the 
capillary. Freundlich and Ishizaka (1913) investigated the change 
in the viscosity of aluminum hydroxide sols with time, after the addi- 
tion of a coagulating agent. They found that the viscosity did not 
change very ‘much at first, but later increased rather rapidly. . They 
explain this failure of the sol to show an immediate increase in vis- 
cosity as due to time being required for the adsorption of the coagulating 
agent: 

Chick and Martin (1912), Chick and Lubrzynska (1914), and 
Chick (1914) used the viscosity of protein solutions as a means for 
the determination of the hydration of proteins in solution. They found 
by applying Hatschek’s (1911) equation that as much as 8.6 cc. of 
water was taken up by one gram of casein. Arrhenius (1916) took 
exception to such high hydration values and by applying his own 
equation obtained much lower figures. 

! Effect of electrolytes on viscosity of emulsoids—Laqueur .and 
Sackur (1903) in their study of casein found that the addition of acid 
and alkali to the casein sols affected their viscosity. They attributed 
this effect to a change in the ionization of the casein. They found 
_that the viscosity passed through a maximum with increasing hydroxyl- 
ion concentration. Schroeder (1903) investigated the effect of hydro- 
chloric acid on the viscosity of gelatin. Pauli and Handovsky (1909), 
and Handovsky (1910) studied the effect of the addition of various 
amounts of different acids and alkalies on the viscosity of albumin. 
_ These authors found that the different acids, when compared on the 
_ basis of normality, affected the viscosity in various ways. Sulfuric 
' acid caused only a slight increase, as did acetic acid; trichlor acetic 
acid caused a slight increase and then a fall; dichlor acetic acid caused 
a considerable rise and then a fall; while monochlor acetic acid caused 
a very steep rise over the entire range. Citric acid caused a steady 
rise over the entire range; oxalic acid caused a rise and then a fall; 
while hydrochloric acid caused a very great rise and then a very sharp 
- fall in viscosity as the concentration of acid increased. 

od _ The effect of alkalies was found_to be related more or less to their 
ssociation constants, the greater the dissociation constants the greater 
e increase in viscosity produced. There was no decrease in viscosity 
‘the higher concentrations. Their investigation was limited mainly 
the monovalent bases. The highest concentrations investigated in 
e case of both acids and bases was 0.05 normal. 

Michaelis and Mostynski (1910) studied the effect of acid and 
kali on serum from which the globulin had been separated by pro- 
ed dialvsis. They found that the addition of acid at first caused 
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a decrease in viscosity in the region of a hydrogen-ion concentration 
of 0.28—2.0X10°, and then an increase with increasing acidity. This 
decrease was not mentioned by Pauli and Handovsky (1909). “The 
addition of alkali to completely dialyzed serum always caused an in- 
crease in viscosity. 

Pauli (1913) found that on the addition of hydrochloric acid to 
albumin the maximum viscosity was reached at the point where the 
value for the difference between bound hydrogen and bound chloride 
ions was the greatest. He also pointed out that by the addition of 
increasing amounts of hydrochloric acid to gelatin, the osmotic pres- 
sure at first increased to a maximum and then decreased. Expressing 
the results graphically, the curve for osmotic pressure was very similar 
in form to the viscosity curve produced under the same conditions. 

In recent years numerous investigators have studied the effect of 
electrolytes on the viscosity of protein sols. Noteworthy among these 
is Loeb (1920a) (1920b) (1920c) (1921a), who presented evidence 
tending to show that the maximum viscosity with the various acids 
was reached at the same hydrogen-ion concentration, and that for a 
given protein the same high point was reached with the various acids, 
with the exception of sulfuric acid, which always produced a smaller 
increase in viscosity than the other acids. The same results in general 
were found to hold true with the alkalies. The monovalent bases 
reached the same maximum at the same hydroxyl-ion concentration. 
The divalent bases differed in that they did not cause such a great in- 
crease in viscosity. Loeb explained the behavior of salts in decreasing 
the effect of acids on viscosity as due to the anion alone, while the 
cation was thought to be the effective ion in the case of the alkalies. 
Loeb (1921b) (192Ic) (192Id) (1921e) (1921f) agrees with the 
explanation of imbibition as put forward by Proctor (1914), Proctor 
and Wilson (1916), and Wilson and Wilson (1918), based on the 
Donnan (1911) equilibrium as established by Donnan and Harris. 
(1911), Donnan and Allmand (1914), and Donnan and Garner (1919). 

Zoller (1919) (1920) (1921) studied the effect of different hydro- 
gen-ion concentrations on the viscosity of casein solutions and found 
the maximum viscosity occurred at a pH of 9. 

Ostwald (1913) points out that while the viscosity of a molecular 
solution is defined by the concentration and the temperature, another 
factor enters into the definition of the viscosity of a suspension, namely, 
the degree of dispersion. In the case of emulsoids, Ostwald (1913) 
gives ten factors which may influence viscosity, namely, (1) concen- 
tration, (2) temperature, (3) degree of dispersion, (4) solvate for- 
mation, (5) electric charge or ionization, (6) previous thermal 
treatment, (7) previous mechanical treatment, (8) inoculation with 
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small quantities of more viscous colloids, (g) time, and (10) addition 
| of both electrolytes and non-electrolytes. Another factor which is of 
extreme importance should be added to this list, namely, the rate of 
_ shear. 
Practical applications of the viscosity of colloids——The viscosity 
of colloidal solutions of rubber, soluble cellulose compounds, starch, 
| soap, paints, clays, glues, gelatin, etc., has been investigated by nu- 
merous workers. With certain limitations it has been found that the 
viscosity determination could be made to serve as an index to quality. 
In biology and medicine certain changes in the animal organism 
have been found to manifest themselves by changes in the viscosity 
of the body fluids such as the blood, milk, etc. 


EXPERIMENTAL 
THE PROBLEM 


The object of this work was to continue the investigations of flour 
strength along the lines of colloid chemistry, (1) by studying the use 
of viscosity measurements as a means of determining the imbibitional 
- power of the gluten proteins without their removal from the flour; 
(2) to see what correlation, if any, could be derived between the 
_ viscosity measurements and the baking strength of the flour. 

In the work reported here no attempt was made to investigate all 
_ the factors which might influence the viscosity of flour-in-water sus- 
) pensions but rather to keep as many factors constant as possible while 
i’ comparing the behavior of the various flours subjected as nearly as 
_ possible to the same conditions. The measurements reported here 
are more truly a measure of the imbibitional capacity of the flour 
' constituents in a state of coarse suspension as shown by the resistance 
' of their suspensions to a shearing force. In this work no attempt has 
been made to distinguish between viscosity and plasticity or to deter- 
" mine the plasticity constants for those mixtures which were undoubtedly 
plastic. The term “viscosity” has been used in a rather loose sense 
throughout to indicate all resistance offered by the suspensions to the 
shearing force applied. 

FLOURS USED 

For the first phase of the work, that is, the effect of various acids 
the imbibitional power of the flour as measured by viscosity, two 
ours were used; B-780, a strong flour milled from northern spring 
heat, an especially strong patent flour prepared for a select trade; 

and B-783, a patent flour milled from soft club wheat grown at 
Genessee, Idaho. These two flours contained practically the same 
yercentage of crude’ protein. B-780 had a total protein content 
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(NX5.70) of 12.13 per cent; the water-soluble protein, determined 
by digesting for 40 minutes at 10° C., was 1.63 per cent; and the’ loaf 
volume, using 300 grams of flour, was 1639 cc. Flour B-783 contained 
12.15 per cent of total protein and 1.67 per cent of water-soluble 
protein, and gave a loaf volume of 1530 cc. Additional analytical and 
baking data may be found in the paper by Sharp and Gortner (1922). 
At the beginning of this investigation a considerable quantity of these 
two flours was placed in air-tight containers and stored in a cold 
storage plant at a temperature of approximately 3° C. 

The second group of flours investigated was kindly supplied by 
Walter Marshall, of the United States Bureau of Markets. The bak- 
ing and analytical data were also furnished by him. 

The third group of flours was a series collected by the American 
Institute of Baking from various parts of North America and sub- 
jected to a joint investigation by L. A. Rumsey, F. A. Collatz, and 
Paul F. Sharp, in an effort to investigate as many factors as possible 
which might be related to flour strength. Rumsey (1922) and Collatz 
(1922) presented separate reports upon their phases of the investi- 
gation. 


METHODS AND GENERAL OBSERVATIONS 


In beginning the experimental work on the viscosity of flour-in- 
water suspensions, the method employed by Ltiers and Ostwald (1919) 
was used. A viscosimeter of the Ostwald type was constructed which — 
had a bulb of about 23 cc. capacity. A bulb of this size was chosen ~ 
in order that 25 cc. of liquid might be used to operate the viscosim- 
eter. The capillary had a length of about 9 centimeters and a diam- 
eter of 0.85 millimeters. The time of outflow for water as determined 
by a stop watch was 9 1/5 seconds. The viscosity determinations were 
all carried out in a glass-walled thermostat at a temperature of 25° C. ; 

As Liters and Ostwald (1919) used a 20 per cent flour-in-water 
suspension for their investigations of the effect of lactic acid on the 
viscosity of wheat flours, this same concentration was chosen for the 
first part of the investigation. , Se: 

In the first place it was noticed that successive readings on the same _ 
20 per cent flour-water mixture without the addition of acid gradually 
decreased. This behavior was observed more or less with all the flours © 
investigated. As an example of this behavior some of the data ob- — 
tained with flour No. 2116, milled from No. 3 dark northern spring — 
wheat and producing a loaf of large volume, are given. The deter- 
minations were made one after the other as fast as possible. After 
each reading, air was blown through the mixture in the viscosimeter 
to stir it thoroly, and the next reading was taken immediately after- 
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| ward. It was at first thought that this decrease in viscosity might be 

due to the effect of carbon dioxide of the air, so in several instances 
the air used in stirring the mixture was first passed through a solution 
of sodium hydroxide. However, this procedure did not in the least 
affect the results. 

One set of results obtained with this flour, expressing the rate of 
outflow in fifths of seconds, the first reading being taken 15 minutes 
after preparation of the flour-in-water, is as follows: 329. 324, 329, 
314, 304, 302, 303, 280, 283, 283, 281, 281, 270, 262, 260, 250, 252, 
Bae eee sO 80230, 2307 220, 225, 213,219, 213, 214, 217, 212. : 
From other observations it was believed that this effect was not due % 
to time of standing. This point was investigated by preparing mix- | 
tures of flour and water, determining their viscosity, and then letting | 
them stand for an hour or more. Results obtained with the same 
flour are presented as an example of the effect of standing. The 
time of outflow observed 15 minutes after the preparation of the . 
mixture was 341 and a reading immediately afterwards gave 346. a” 
The material was then allowed to stand for an hour in the viscosimeter. 
It was then mixed by blowing air through the apparatus and the read- 
ing obtained was 346 and the subsequent reading was 341. 

It was thus very difficult to decide which reading was the correct 
one. It was thought that perhaps the difficulty might be due to the 
method of preparation of the suspension, therefore three different 
methods were tried: (1) the weighed amount of flour was mixed with 
the required amount of water by suddenly shaking; (2) the weighed } 
amount of flour was placed in a beaker and water was added slowly ‘ 
from a burette, the flour being stirred in the meantime with a stirring 
rod; (3) enough water was first added to the weighed amount of flour j 
in a mortar to make a dough, and this dough was kneaded with the | 
pestle for about three minutes and then the rest of the water was i 
gradually worked in with the dough, forming the suspension. } 

The results obtained with the three methods seem to indicate that 
the third method gives the most concordant results with the original 
suspension before acid was added. Serious difficulties were encoun- 

- tered by the use ‘of Methods 2 and 3 when adding the acid to mixtures 
obtained in this way, for after the addition of a given amount of acid 
the viscosity gradually increased until after a time a maximum was 
reached and from then on the viscosity declined. In one instance it 
was only after the twenty-ninth reading that the maximum viscosity 
was reached, the readings increasing from 462 fifths of seconds to 
1003 fifths of seconds. In the first method this behavior was not so 
‘marked, the maximum being reached after the second and third read- . 
ings. This was believed to be due to the fact that in the first method i 
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the gluten particles were mechanically separated to a greater extent, 
thus presenting a greater surface upon which the acid might act; 
while in the other cases, in spite of the care taken to prevent it, small 
particles of gluten were present and time was required for the acid 
to diffuse to their center, thus causing maximum swelling. 

Another difficulty encountered was the effect of air bubbles pro- 
ducd by the shaking, in the first method, or by the air that was blown 
through the apparatus to stir the mixture. In an attempt to prevent 
the formation of air bubbles it was necessary in many cases to remove 
the viscosimeter from the bath and invert it carefully several times 
in order to accomplish the mixing. 

The difficulties encountered indicated that a definite mechanical 
procedure must be adopted if interpretable results were to be obtained, 
also that the time factor must be kept constant. The greatest objec- 
tion to the Ostwald type of viscosimeter was found in attempting to 
keep the time factor constant. In the investigation of the effect of 
additions of various amounts of normal lactic acid to the 20 per cent 
flour-in-water suspensions, the time of outflow for the flours investi- 
gated was found to range from 41 seconds to more than 8 minutes. 
The attempt was made to run at least four determinations for each 
addition of acid. The effect of various concentrations of lactic acid 
on twelve different flours was investigated, but the results were so 
erratic that it was thought not worth while to present the data here, 
and the use of the Ostwald viscosimeter was accordingly abandoned. 

It was thought that perhaps'a viscosimeter of the torsion balance 
type might eliminate some of the difficulties encountered with the 
Ostwald viscosimeter. A MacMichael (1915) viscosimeter of the old 
type was used. It was soon realized that comparative results were all 
that could be obtained without the unnecessary expenditure of a great 
amount of time. The experiments were all carried out at 25° C. The 
determinations were performed in a constant temperature room. The 
flour and water were always allowed to come to the temperature of the 
room before the suspensions were made. In this first set of deter- | 
-minations, enough flour was taken to make 25 grams on the moisture- 
free basis. To this weight of flour enough water was added to make 
a total of 100 grams of water. The actual amount of water added was 
thus approximately 96.5 grams. This mixture of flour and water was 
allowed to stand one hour with occasional shaking. This interval of 
time was chosen because Bailey and Collatz (1921) had found that the 
quantity of electrolytes extracted from flour by water at first increased 
rapidly with time of extraction but that later the amount extracted be- 
came nearly constant. It was therefore believed that an easily dupli- 
cable level of electrolyte content could be obtained at the end of one 
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/ hour and that the proteolytic action of enzymes on the gluten would be 
inappreciable during this short period. A departure from the general 
method for using viscosimeters of this type was adopted because com- 
parative results are all that were expected, and the attempt was made 
to make the method as rapid as possible. Instead of waiting for the 
reading on the dial to become constant, the motor in the instrument 
was started and the first high rotation of the dial was read. The motor 
was then stopped, the material in the cup was stirred several times 
with the plunger while the cup was rotated with the hand, and another 
reading was immediately taken. This procedure permitted duplicate 
readings to be taken very rapidly and did not introduce appreciable 
errors due to settling out of the suspension. The duplicate readings 
obtained by this method always checked as close as the dial could be 
read accurately. The results of the determinations carried out by this 
method are all reported in terms of angular rotation in degrees Mac- - 
Michael, a reading of 300 degrees MacMichael indicating that the dial 
has made one complete revolution. The wires were tested frequently 
to see if the limit of their elasticity had been exceeded. The readings 
were not converted over to absolute viscosity units because doubts were 
entertained as to the true value of the results expressed in absolute 
units. 

The results would seem to indicate that the viscosity in some of 
the flour suspensions, at least, varied with the rate of shear and that 
even the different flours vary in this respect. Most of the shear prob- 
ably came between the bottom of the disc and the cup where the rate 
of shear increased from zero at the point of common axis to probably 
its maximum value near the outer under edge of the disc, thus the 
material was not all subjected to the same rate of shear. 

In order to have some idea as to the absolute viscosity values, the 
instrument was always standardized against sucrose solutions. Owing 

to its inertia the liquid did not attain its maximum speed at the time 
the reading was taken, and as a volume of 100 cc. was used in each — 
case, any difference in density between two liquids would affect the 
‘viscosity readings. In this first series of experiments the wire was 
standardized against a sucrose solution whose specific gravity com- 
pared with water at 25° C. was 1.185 and whose absolute viscosity 
standardized by means of water in an Ostwald viscosimeter was 
found to be 5.73 centipoise. The speed of the motor was so ad- 
_justed that the reading obtained with this sucrose solution was as 
nearly as possible 14.3 degrees, MacMichael. The specific gravity of 
' the flour-in-water suspension compared with water at 25° C. was deter- 
- mined in two instances and was found to be approximately 1.086. 
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VISCOSITY OF THE ORIGINAL FLOUR-IN-WATER SUSPENSION | 


AS AFFECTED BY VARIOUS AMOUNTS OF DIFFERENT ACIDS 


The strength of the various normal acid solutions was determined 
by titrating aliquots with 0.10 normal sodium ya using phe- 
nolphthalein as an indicator. 


In this first series of experiments the effect of the addition of dif- 


ferent amounts of normal solutions of various acids on the viscosity 
of flours B-780 and B-783 was studied. For each determination 100 
cc. of the suspension prepared as previously described was placed in 
the cup of the viscosimeter and four separate readings were made. A 
definite amount of a normal solution of the acid being investigated 
was then added. A tI-cc. burette graduated to 0.01 cc. was used to 
measure the acid. After each addition of acid the mixture was stirred 
and four separate readings were taken. The additions of acid were 
continued until a total of ro cc. had been added. 

The effect on viscosity of this dilution with 10 cc. was studied by 
taking mixtures of various readings ranging from 17 to 230 and adding 
ro cc. of water. In all, forty such determinations were made and the 
average taken. The dilution was found to cause a decrease in the 
viscosity of 22.9 per cent, the maximum deviation from this average 
was found to be 1.9 per cent. The effect of dilution was the same 
with the two flours within experimental error. The assumption was 
made that the effect of dilution on the viscosity was linear and the 
results given in the tables have been corrected for dilution on that basis. 

The effect on the viscosity of the addition of the following total 
amounts of normal acid was determined: 0.10, 0.20, 0.30, 0.40, 0.50, 
0.60, 0.70, 0,80, 0.90, I, 1.20, 1.50, 2,°2:50, 3,74, 5,00.) cnnemamennnee 
With flour B-783 there was practically no change in viscosity until a 
total of 1 cc. of acid had been added, while with flour B-780 the increase 
began with the addition of a lesser amount. It was thought not worth 
while to record all the results obtained with the smaller additions of 
acid, so these were omitted in Table III, but in order to show the onset 
of the increase in viscosity the effect produced by the addition of the 
smaller amounts of a few of the acids is given in Table II. ! 
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TABLE II 


Viscosity, 1n Decrees MacMicuaer, or Firours B-780 anv B-783 as INFLUENCED BY THE 
ADDITION OF VarRIouS AMouUNTS oF NorRMAL AciIp SOLUTIONS 


Twenty-five grams of flour on the dry basis was treated with enough distilled water to 
make 100 cubic centimeters of water and digested with occasional shaking at 25° C. for one 
hour. One hundred cubic centimeters of this mixture was taken for the viscosity measurements. 
All determinations were carried out at the temperature of 25° C., and were corrected for dilution 
back to the original volume of too cubic centimeters. The wire was standardized with a 
sucrose solution whose absolute viscosity was 5.73 centipoise. This solution gave a reading 
of 14.3 degrees MacMichael. 


Hydrochloric acid Lactic acid Acetic acid 
ce. of N. acid = 
added B-780 B-783 B-780 B-783 B-780 B-783 
0.00 63 39 64 36 63 37 
0.10 66 41 65 37 62 ae 
0.20 68 42 67 38 63 37 
0.30 69 42 bit 38 63 37 
0.40 76 41 82 38 64 37 
0.50 88 40 94 38 69 37 
0.60 99 40 110 39 72 37 
0.70 120 41 124 41 7 36 
0.80 142 43 143 44 82 36 
0.90 165 48 157 47 88 36 
I.00 187 54 172 52 QI 36 


4 
CCS. NORMAL ACID 


Fig. 1. Viscosity of 100 cc. of 20% Flour-in-Water Suspensions of Strong Flour B-780 as 
Affected by Different Amounts of Various Acids (Compare with Fig. 2.) 
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In Table III and Figures 1 and 2 the results obtained with the 
larger amounts of acid are given. All the values reported in the follow- 
ing tables are the average of the determinations carried out on at least 
two separate flour suspensions. In order to show the accuracy of 
these duplicate determinations a few samples have been grouped to- 
gether and are given in Table IV. 


TABLE III 


Viscosity, IN Decrees MacMicnHaArL, or Frours B-780 anv B-783 as INFLUENCED BY THE 
AppITION oF Various Amounts oF NorMat Acip SOLUTIONS, WITH 
PH oF THE RESULTING MIXTURE 


Twenty-five grams of flour on the dry basis was taken in each instance, treated with - 


100 cubic centimeters of distilled: water, and digested with occasional shaking at 25° C. for 
one hour. One hundred cubic centimeters of this mixture was taken for the viscosity measure- 
ment. All determinations were carried out at the temperature of 25° C., and were corrected 
for dilution back to the original volume of too cubic centimeters. The wire was standardized 
with a sucrose solution whose absolute viscosity was 5.73 centipoise. This solution gave a 
reading of 14.3 degrees MacMichael. 


Hydrochloric acid Lactic acid 
cc. of N. acid B-780 B-783 B-780 B-783 
added 

Vise pH Visc. pH Vise. pH Visc. pH 

0.00 63 5.84 39 5.87 64 5.84 36 5.87 
0.50 88 4.75 40 4.95 94 4.84 38 4.90 
1.00 187 3.92 54 4.25 172 4.14 52 4.41 
1.50 258 3-32 104 3.64 215 3-91 82 4.07 
2.00 273 2.65 128 3-52 235 3-75 105 3.88 
2.50 244° 2.27 Ts, 2:97. 1s AS 3-55 II9 3.74 
3.00 209 1.96 93 2.31 255 3.46 125 3.68 
4.00 145 1.79 56 1.89 265 Bae 132 3.49 
5.00 107 1.60 4] 1.69 272 3.23 136 3.39 
6.00 89 1.39 34 1.55 272 Sie 136 3.28 
8.00 73 1.23 29 1.37 Dy Gh 3.02 139’ 3.14 
10.00 66 Deady, 25 1.22 280 2.95 140 3-04 

Tartaric acid Oxalic acid 
cc) pete aed B-780 “a ‘"B-783 B-780 a4 B-783 

Vise pH Visc. pH Visc. pH Vise. pH 

0.00 66 5.86 36 5.90 65 5.83 36 5.82 
0.50 83 4.67 37 5.07 87 4.67 36 4.99 
1.00 179 ArT 40 4.41 208 4.15 35 4.32 
1.50 281 3.67 56 3078 Ae L802 3.71 48 3-90 
2.00 317 3-36 84 3.67 328 3-43 71 3.58 
2.50 330 3.12 104 3.42 337 3.11 95 3.35 
3.00 332 2.83 113 3.21 335 2.94 108 3-09 
4.00 320 2.52 118 2.86 326 2.53 bay 2.73 
5.00 301 2.26 106 2.50 302 2.28 105 2.42 
6.00 272 2.06 94 Beeb, > 274 2.12 93 2.15 
8.00 223 1.87 72 2.01 227 1.91 72 1.92 


10.00 188 In72 54 1.84 194 1.78 54 1.78 
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TABLE IlI—Continued 
Sulfuric acid Acetic acid 
ec. of N. acid B-780 B-783 B-780 B-783 
added — 
Visc. pH Visc pH Vise. pH Vise. pH 
0.00 66 5.91 38 5.85 63 5.95 37 5.83 
0.50 67 4.76 38 69 5.08 37 5.16 
1.00 86 4.02 33 05 OL 4-71 36 4.82 
1.50 98 3.41 33 3.62 114 4.55 41 4.60 
2:00 90 2.86 33 133 4-43 46 4.46 
2.50 79 2.42 33 147 4.29 50 4.40 
3.00 74 2.19 33 2.40 163 4.23 54 4.31 
4.00 73 I.91 31 178 4.11 63 4.18 
5.00 74 1.75 ai 189 4.01 74 4.07 
6.00 74 1.62 30 201 aed 83 4.01 
8.00 FD 1.45 28 mel 209 3.83 2 3.88 
10.00 69 1.36 27 1.39 216 3-76 105 3-79 
Citric acid Ortho-phosphoric acid 
ce. of N. acid B-780 B-783 B-780 B-783 
added 
Visc pH Visc. pH Vise. pH Vise. pH 
0.00 65 5.96 37 5.82 66 5.90 ay, 5.85 
0.50 68 4.97 36 5-16 69 5.24 39 5-43 
1,00 83 4.60 36 4.72 94 4-73 38 4.97 
1.50 103 4.2 35 4.46 156 4.25 48 4.62 
2.00 126 4.07 38 4.25 222 3.86 72 4.28 
2.50 150 3.88 43 4.07 270 3.62 110 3.98 
3.00 168 3-76 50 3-93 209 Bre 138 3.65 
4.00 199 3-55 68 3.60 326 2.95 157 3.25 
5.00 217 2637, 81 3-49 332 2.66 163 2.91 
6.00 226 3.26 lobe BE 35 322 2.47 155 2.47 
8.00 240 3.09 99 3.18 304 2.26 146 2.38 
10.00 247 2.95 103 3.03 285 2.14 136 2.22 
Nitric acid Meta-phosphoric acid 
cc. . - A ts s 
eel pee B-780 B-783 B-780 B-783 
Visc. pH Visc. pH Visc. pH Vise. pH 
0.00 64 5.96 35 5.85 63 5.90 34 5.85 
0.50 ad. 4.85 34 5.06 63 33 
1.00 140 3.99 39 4.48 62 32 
1.50 193 3.33 57 3.60 62 at 
2.00 To5—__— 2.82 66 3.08 61 31 
2.50 154 2.35 55 2.63 Bais 
3.00 118 2.15 43 227, 62 
4.00 85 1.87 33 1.79 62 era 
5.00 73 At 28 1.69 nat 27 
6.00 64 1.54 27 nice 60 
8.00 58 1.36 26 t.35 nia aes Taye ae 
10.00 55 23) E23 55 2,26 26 2533 


1:23 
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20 
0 4 6 8 
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Fig. 2. Viscosity of too cc. of 20% Flour-in-Water Suspensions of Weak Flour B-783 as 
Affected by Different Amounts of Various Acids (Compare with Fig. 1.) 


TABLE IV 


Viscosity, In Decrees MacMicuaet, or Firours B-780 anp B-783 as INFLUENCED BY THE 
ADDITION oF Various AMouNnTS oF NorMat Lactic anp Acetic Acip SoLuTIONS 
SHowi1ne AGREEMENT OF Dupticate (A and B) DETERMINATIONS 


Twenty-five grams of flour on the dry basis was taken in each instance, treated with 
enough water to make 100 cubic centimeters and digested with occasional shaking at 25° C. 
for one hour. One hundred cubic centimeters of this mixture was taken for the viscosity 
measurements. All determinations were carried out at the temperature of 25° C. and are 
corrected for dilution back to the original volume of too cubic centimeters, The wire was 
standardized with a sucrose solution whose absolute viscosity was 5.73 centipoise. This solu- 
tion gave a reading of 14.3! degrees MacMichael. 


Lactic acid Acetic acid 


cc. of N. acid B-780 B-783 B-780 B-783 
added SSS 
Visc. Visc. Visc. Visc. Vise. Vise. Visc, Visc. 
A B A B A B A B 
0.00 64 64 36 37 65 61 37 37 
0.50 94 94 39 38 70 68 37 37 
1.00 174 170 50 53 foe 90 35 36 
1.50 218 212 80 84 116 112 41 41 
2,00 237 233 105 105 135 131 46 46 
2.50 250 246 119 119 147 147 50 50 
3.00 254 255 Tes 12 166 160 54 54 
4.00 264 265 135 129 179 177 64 62 
5.00 272 272 139 133 190 188 Wes 74 
6.00 272 271 139 133 202 199 82 83 
8.00 276 277 143 135 1) 209 209 92 QI 
10.00 280 280 144 136 215 217 107 103 


In Table V are given the results obtained with phosphoric, mono- 
chlor acetic, and dichlor acetic acids. In this case a new adjustment of 
the wire in the viscosimeter was made. For standardization a 60 per 
cent sucrose solution of a density at 25° C. of 1.284 and whose absolute 
viscosity was 43.86 centipoise was used [Bingham and Jackson (1917) ], 


the speed of the motor and the distance of the plunger from the 


bottom of the cup were so adjusted as to make the reading as nearly 


ak te tee a 


ys 
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as possible 87.7 degrees MacMichael. It was feared that the results 
obtained with this readjusted wire would not be the same as those 
obtained with it in the previous condition. The effect of lactic acid, 
on the viscosity of the two flours was therefore redetermined in order 
to give a basis for comparison with the preceding series. It will be 
noted that the first reading taken with flour B-783 is practically the 
same in both series, but with B-780 the original reading is much 
higher in the second series than in the first. This difference be- 
tween the two flours holds more or less when the effects of the dif- 
ferent additions of lactic acid are compared. 


TABLE V 


Viscosity, In Decrees MacMricnuart, or Frours B-780 anp B-783 As INFLUENCED BY THE 
ADDITION oF VARIOUS Amounts or NorMat Acip SOLUTIONS, WITH THE 
PH or ResuttinG MIxTURE 


Twenty-five grams of flour on the dry basis was taken in each instance, treated with 
roo cubic centimeters of distilled water and digested with occasional shaking at 25° C. for 
one hour. One hundred cubic centimeters of this mixture was taken for the viscosity measure- 
ments. All determinations were carried out at the temperature of 25° C., and are corrected 
for dilution back to the original yolume of 100 cubic centimeters. The wire in this case was 
standardized with a 60 per cent sucrose solution whose absolute viscosity is 43.86 centipoise. 
This solution gave a reading of 87.7 degrees MacMichael. 


Lactic acid Phosphoric acid 
ec. of N. acid B-780 B-783 B-780 B-783 
added 
Vise pH Vise pH Vise pH Vise pH 
0.00 79 5.84 35 5.87 8o 5.85 35 5.83 
0.50 127 74.84 40 4.90 90 5.16 38 5.07 
1,00 216 4.04 70 4.41 118 4.60 40 4.85 
1.50 259 3-91 102 4.07 180 4.09 47 4.36 
2.00 280 3-75 122 3.88 246 yay 64 4.14 
2.50 293 3-55 131 3.74 290 3.18 94 3.82 
3.00 297 3.46 138 3.65 315 3.03 123 3.62 
4.00 2909 Kees 143 3.49 332 2.82 156 Bats 
5.00 302 3.23 144 ‘13539 329 2.47 160 2.76 
6.09 301 es 143 3.28 314 2.13 156 2.49 
8.00 306 3.02 146 3.14 285 2.07 146 2.18 
10,00 308 2.95 147 3.04 257 1.96 129 1.94 
Monochlor acetic acid Trichlor acetic acid 
cc. ae B-780 De neres. B-780 e B-783 
s Visc. pH Vise. pH Vise, pH Vise. pH 
0.00 “56 5.85 A433 5.80 81 fur 33 
0.50 110 4.70 39 4.82 89 death; 33 Ree 
1.00 206 3.94 52 4.03 120 sale 36 sie 
1.50 275 3.58 89 3.74 147 an 39 ae 
2.00 303 3.26 120 3.38 135 dere 4! reat 
2.50 Birr 3.04 128 3.21 11s ere am one 
3.00. gir 2.91 129 3.03 104 nhac 35 Siete 
4,00 295 2.74 130 2.81 96 Rive 31 wee 
5.00 . 284 2.59 126 2.69 Od nits 3r eee 
6.00" 271 2.49 118 2.57 84 asa 31 tae 
8.00 : 254 2.35 1I5 2.42 82 ahs gr wale 


10,00 | . 240 » 23 106 2.32 hd ete 29 A 
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EFFECT OF ADDITION OF VARIOUS AMOUNTS OF NORMAL 
SOLUTIONS OF VARIOUS ACIDS ON HYDROGEN- 
ION CONCENTRATION 


The hydrogen-ion concentration was determined only when there 
was an appreciable change in the viscosity of the mixture. For each 
determination of hydrogen-ion concentration, 20 cc. of the 20 per 
cent flour-water mixture was placed in a test tube and a proportional 
amount of normal acid was added to correspond to the additions as 
shown in Tables III and V. The test tube was shaken at intervals 
during half an hour and then the hydrogen-ion concentration was meas- 
ured. A Leeds and Northrup potentiometer was used for the meas- 
urement of the voltage. A type R high sensitivity galvanometer was 
used as a current detector, and the hydrogen electrodes were of the 
Bailey (1920) type, so modified as to contain a larger volume of liquid. 
All determinations were made in a constant temperature room kept 
at 25° C. A normal KCl calomel electrode and a flowing junction 
of saturated KCl were used. The millivolt readings were changed 
to pH by means of the table of Schmidt and Hoagland (1919). The 
viscosity readings as in Table III as ordinates and the pH values as 
abscissa are expressed graphically in Figures 3 and 4. 
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Fig. 3. Viscosity of 100 cc. of 20% Flour-in-Water Suspensions of Strong Flour B-780 at 
Different Hydrogen-ion Concentrations Produced by Various Acids 
(Compare with Figs. 1 and 4.) 
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An attempt was made to measure the hydrogen-ion concentration 
in the case of the additions of trichlor acetic acid, but constant readings 
could not be obtained, especially of the higher additions of acid. It 
was suspected that the trichlor acetic acid was being reduced on the 
platinum electrode and that hydrochloric acid was being liberated. In 
order partially to test this hypothesis, a bubbling electrode of the 
Hildebrand (1913) type was placed in a 0.10 normal solution of 
trichlor acetic acid and hydrogen was permitted to bubble around the 
electrode for several hours. At the end of this time the liquid gave 
a heavy precipitate with silver nitrate. The original solution gave no 
precipitate. It was later found that dichlor acetic acid behaved in a 
somewhat similar way, altho not to such a marked extent. No trouble 
was encountered in the use of monochlor acetic acid with the hydrogen 
electrode. This would seem to indicate that the first chlorine atom is 
split off rather rapidly from trichlor acetic acid, the second less rapidly, 
and the third not at all or only at a very slow rate. 
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Fig. 4. Viscosity of 100 cc. of 20% F'lour-in-Water Suspensions of Weak Flour B-783 at 
Different Hydrogen-ion Concentrations Produced by Various Acids 
(Compare with Figs. 2 and 3.) 


EFFECT OF ADDED SALTS ON IMBIBITION PRODUCED BY 
EACTIC ACID 

The water with which the flour was digested was made 0.01 normal 
with respect to various salts. with the exception of dibasic potassium 
phosphate, of which a solution of 0.005 molar was used. The effect 
of these salts on imbition produced by lactic acid was measured. 

In preparing the suspension, 25 grams of flour on the dry basis was 
treated with enough water and various salts to make 100 cc. of 0.01 
normal or 0.005 molar salt solution. The mixture was digested for one 
hour with occasional shaking. The data obtained on the addition of 
various amounts of lactic acid to the flour suspension, using flour B-780, 
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are given in Table VI. The results obtained with flour B-783 are found 
in Table VII. The data of Tables VI and VII are shown graphically 
in Figure 5. | 
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Fig. 5. Viscosity of 100 cc. of 20% Flour-in-Water Suspensions of B-780 and B-783 Made 
.0.01 Normal with Respect to Various Salts and with the Subsequent 
Addition of Various Amounts of Lactic Acid 
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TABLE VI 


Viscosity, IN Decrees MacMicwaeEL, or Firour B-780 as INFLUENCED By Various AMOUNTS 
oF Norma Lactic AcipD IN THE PRESENCE OF 0.01 NorMAL SOLUTIONS OF VaRIOUS SALTS 

Twenty-five grams of flour on the dry basis was taken in each instance and treated with 
enough salt and water to make 100 cubic centimeters of o.or normal salt solution. After one 
hour digestion with occasional shaking, 100 cubic centimeters of this mixture was taken for 
viscosity measurements. All determinations were made at 25° C., and are corrected for dilu- 
tion back to the original value of 100 cubic centimeters, The wire was standardized with a 
sucrose solution whose absolute viscosity was 5.73 centipoise. This solution gave a reading of 
14.3 degrees MacMichael. 


ec. of N. acid mae 0.005 M. -o.0or N. o.or N. 0.01 N. 0.01 N. 0.01 N. 0.01 N. 
added alone K2HPO4 MgClz MgSO4 K2S04 KCl NaCl CaClz2 
0.00 64 64 63 64 65 ' 65 63 63 
0.50 O4 61 68 64 62 70 69 61 
1.00 172 62 95 70 68 90 89 63 
1,50 214 85 TI5 83 76 114 III 73 
2.00 235 107 128 91 87 128 125 82 
2.50 248 12 140 IOI 96 142 13h 88 
3.00 255 136 147 108 98 I51 145 93 
4.00 265 155 160 117 109 164 158 103 
5.00 272 166 167 126 114 170 166 * 109 
6.00 272 174 173 132 123 176 172 115 
8.00 277 185 180 141 129 187 179 12t 
10.00 280 189 183 146 134 188 183 127 


TABLE VII 


Viscosity, Iv Decrees MacMicuaet, or Firour B-783 as INFLUENCED By Various AMOUNTS 
or Norma Lacric Acip IN THE PRESENCE OF 0.01 NorMat SOLUTIONS oF VaRIOUS SALTS 
Twenty-five grams of flour on the dry basis was taken in each instance and treated with 
enough salt and water to make 100 cubic centimeters of 0.or normal salt solution. After one 
hour digestion with occasional shaking, 100 cubic centimeters of this mixture was taken for 
_ viscosity measurements. All determinations were made at 25° C. and are corrected for dilution 
back to the original value of roo cubic centimeters. The wire was standardized with a sucrose 


solution whose absolute viscosity was 5.73 centipoise. This solution gave a reading of 14.3 
degrees MacMichael. 


cc, of N. acid ane 0.005 M. o.orN. o.orN, o.orN. o.or N. o.or N. 0.01 N. 
added alone K2HPO4 MegClz2 MgSO4 K2S04 KCl NaCl CaCl2 
0.00 36 37 36 37 37 37 36 35 
0.50 38 38 35 36 35 36 35 33 
1,00 52 36 37 33 32 35 35 30 
1.50 82 40 43 35 31 42 40 30 
2.00 105 45 SAN ret =140) 33 49 49 32 
2.50 119 51 63 43 36 58 58 35 
3-00 125 56 70 46 39 66 64 36 
4.00 132 Conn M79 50 43 74 72 43 
5.00 136 79 82 59 47 81 78 46 
6.00 ro"? 85 83 63 49 85 82 49 
8.00 139 93 85 66 56 90 83 53 
10,00 140 97 87 69 60 92 87 55 
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EFFECT OF ELECTROLYTES PRESENT IN THE ORIGINAL FLOUR 
ON VISCOSITY 

It is a matter of common knowledge that the addition of various 
salts to an acid solution decreases the power of the acid to produce 
imbibition in emulsoid colloids. That the gluten of wheat is no excep- 
tion to this rule has been shown by Wood (1907b), Wood and Hardy 
(1908), Upson and Calvin (1916), Gortner and Doherty (1918), and 
Sharp and Gortner (1922). The presence of a relatively large amount 
of soluble electrolytes in the water extract of wheat flour was shown 
by Bailey and Collatz (1921), who, in addition, found that the quan- 
tity of electrolytes bore a definite relation to the ash content of the 
flour. It was believed that the presence of these salts was exerting 
an inhibiting effect on the power of the acid to produce imbibition in 
the flour suspensions studied. In order to ascertain whether or not 
the marked imbibitional power of flour B-780 with the various acids 
as compared with flour B-783 was due to the difference in ash content 
and consequently in soluble electrolytes, 25 grams of flour was treated 
with one liter of water and after standing for one hour with occasional 
shaking the material was centrifuged, the liquid containing the soluble 
ash was decanted, and the residue was made up to a total volume of 
100 cc. with distilled water. The effect of lactic acid on the viscosity 
of the mixture was determined. It was noted that imbibition began 
with the addition of the first 0.10 cc. of normal acid and that the maxi- 
mum imbibition reached was much higher than when the electrolytes ~ 
were not first extracted. This indicated clearly that a considerable 
proportion of the soluble electrolytes had been removed and that the 
presence of the electrolytes in the experiments reported in Tables II, 
III, 1V, and V was repressing to a considerable extent the power of 
imbibition of the proteins present. The true imbibitional powers of 
the proteins were thus masked to a greater or less extent by the effect 
of the salts present in the water extract. Even with the electrolytes. 
partially removed by this method, flour B-780 still shows a much 
greater power of imbibition than does flour B-783, altho the differences. 
were not so marked as in the original untreated flour-water mixture. 
In the experiments in which the water extract has been removed, the 
viscosities are more nearly in accord with the loaf volume of the flours. 
than in the previous instance. In the study of the effect of the various 
acids with the water extract removed, the quantity of flour taken was 
decreased so that the high viscosity readings obtained would not exceed 
the limits of elasticity of the wire of the viscosimeter. 

In order to ascertain whether or not this treatment removed all 
the electrolytes which were inhibiting imbibition, an investigation was. 
carried out on two flours selected because of their widely different 
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ash content. Flour roo4 had an ash content of 0.92 per cent on 
the dry basis and flour No. 1008 had an ash content of 0.52 per cent, 
thus the:ash contents of the two flours were in a ratio of I to 1.77. 

Experiments were carried out in which 18 grams of flour on the 
dry basis was treated with enough water to make a total volume of 
100 cc. and the mixture was digested with frequent shaking for one 
hour. At the end of this time the material was centrifuged, the super- 
natant liquid decanted, and its electrical conductivity measured at 30° C. 

A second 18 grams of flour on the dry basis was treated with one 
liter of distilled water and digested for one hour with occasional shak- 
ing. At the end of this time the material was centrifuged and the 
supernatant liquid discarded. The residue was treated with enough 
distilled water to make a total volume of 100 cc. and shaken at inter- 
vals during 15 minutes, again centrifuged, and the conductivity of the 
supernatant liquid determined. This procedure was repeated with the 
exception that after making up to the final volume of 100 cc. the effect 
of the additions of various amounts of normal lactic acid on the vis- 
cosity was determined. 

A third set of experiments was performed in which r8 grams of 
flour on the dry basis was treated with one liter of distilled water and 
digested with occasional shaking for one hour. The supernatant liq- 
uid was removed and the residue again made up to the volume of one 
liter and digested for half an hour with occasional shaking. The 
supernatant liquid was then removed and the residue made up to a 
total volume of 100 cc. and allowed to stand with occasional shaking 
for 15 minutes. The material was centrifuged and the conductivity 
of the extract measured. This procedure was repeated except that 
after making up to the final volume of roo ce. the effect of the addi- 
tion of various amounts of normal lactic acid on the viscosity of the 
mixture was determined. The results of this study are given in Table 


VIL. 
TABLE VIII 


Extent To Wuicu Sotusie ExLectrotytes Art REMOVED FROM FLouR BY EXTRACTION WITH 
Various AmounTs or WATER, ToGETHER witH Errecrt or Sucmw Removar on 
Maximum INCREASE IN ViscostTy PropucED BY THE ADDITION OF 
Various Amounts oF Normat Lactic Acip 


Specific conductance at 30°C. of Highest viscosity reached with 
residue made up to 100 ce. lactic acid at 25°C, 
Direct After 1 After 2 ' After 1 After 2 
Flour Ash, extraction extraction extractions Without extraction extractions 
No. per with rooce. with: liter with 1 liter previous with 1 liter with 1 liter 
cent* of water of water of water extraction of water of water 
1004 0.92 0.00172 0.000110 0.000034 75 329 324 
1008 0.52 0.00109 0.000071 0.000028 393 502 498 


ie Ash calculated on dry basis. 
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An examination of the results shown in Table VIII indicates that 
in both cases the extraction with the first liter of water decreased the 
electrolyte content as indicated by the conductivity determinations to 
less than one-fifteenth of its original value. The extraction with an 
additional liter of water decreased the electrolyte content of 1004 to 
less than one-fiftieth of its original value while, reducing the electrolyte 
content of 1008 to less than one thirty-eighth of its original value. 
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Fig. 6. Viscosity of Extracted Flour, 18 Grams of Extracted B-780 Made Up to 100 cc. and 
Treated with Different Amounts of Various Acids (Compare with Fig. 7.) 


The ratio of the ash contents of the two flours is I to 1.77. The ratio: 
of the conductivity of the first extracts is I to 1.58, of the second ex- 
tracts I to 1.55, and of the third extracts 1 to 1.21. The results ob- 
tained in the viscosity measurements are the same, within experimental 
error, whether extracted with one liter of water or with two. That is.. 
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the actual content of the electrolytes was so small that changing the 
ratio from I to 1.55 to I to 1.21 and decreasing their amounts from 
2.5 to 3.2 times seemed to make no appreciable difference in the vis- 
cosity readings. These results were therefore taken to indicate that the 
effect of salts on imbibition could be eliminated by digesting with one 
liter of water and discarding the extract. Later results seem. to indi- 
cate that this is not strictly true, but that subsequent extraction may 
cause some increase in viscosity. 


EFFECT OF VARIOUS CONCENTRATIONS OF DIFFERENT ACIDS 
ON VISCOSITY OF EXTRACTED, FLOURS 

The test showing the effect of the various acids on viscosity was 
repeated, using 18 grams of flour on the dry basis, extracting one hour 
with occasional shaking with one liter of water, centrifuging, discard- 
ing the extract, and making the residue up to a total volume of 100 cc. 
The results are recorded in Table IX and expressed graphically in 
Figures 6 and 7. The values obtained for the hydrogen-ion concentra- 
tions given in Table IX and Figures 6 and 7 were not obtained in the 
same way as were those given in Tables III and V. The quantity of 
flour was too small to use the previous method, therefore the expedient 
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Fig. 7. Viscosity of Extracted Flour,-18 Grams of Extracted B-783 Made Up to 100 cc. and 
Treated with Different Amounts of Various Acids (Compare with Fig. 6.) 
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was adopted of using a Hildebrand electrode and measuring the hydro- 
gen-ion concentration after the addition of each amount of acid. For 
this purpose 1.8 grams of flour on the dry basis was treated with 100 cc. 
of water with occasional shaking for one hour, centrifuged, the super- 
natant liquid decanted, and the residue made up to a total volume of 
to cc. A large funnel whose stem had been cut off and closed with a 
rubber stopper was used for the electrode vessel. This prevented the 
escape of froth which was constantly broken down with a stirring rod 
and permitted the use of a small volume of liquid. Instead of using 
normal acid solutions for the first additions, one-tenth normal solutions 
were used until a total of one cc. had been added, from then on normal 
acid was added. As far as could be detected this additional dilution did 
not affect the hydrogen-ion concentration. The results in this case 
are not as accurate as in the previous set but are probably correct to 
within 0.05 pH. 
TABLE IX 


Viscosity, IN Decrees MacMrcnact, or f'tours B-780 anp B-783 as INFLUENCED By ADDITION 
or Varirous Amounts oF NorMat ACriD SOLUTION, WITH THE PH or ReEsuLtTiInG M1IxTURE* 

The water soluble substances present in the natural flour were largely removed by digesting 
18 grams of flour on the dry basis with 1o00 cubic centimeters of distilled water for one hour 
at 25° C., with occasional shaking. The supernatant liquid was removed by centrifuging and 
the material remaining was made up to a volume of too cubic centimeters with distilled water. 
The viscosity values have all been corrected for dilution back to the original volume of 100 
cubic centimeters. All determinations were carried out at the temperature of 25° C. The 
wire in this case was standardized with a 60 per cent sucrose solution whose absolute viscosity 
is 43.86 centipoise. This solution gave a reading of 87.7 degrees MacMichael. 


Hydrochloric acid Nitric acid 
cc. of N. acid B-780 B-783 B-780 B-783 
added — Sie, 
Vise. pH Vise. pH Vise. pH Visc. pH 
0.00 20 5.88 18 5.85 20 5.87 18 5.82 
0.10 5 4.97 35 4-77 43 4.87 38 4.94 
0.20 209 4.45 136 4.29 187 4.38 122 4.31 
0.30 318 3.92 202 3.92 2905 3-99 185 3.82 
0.40 367 3.60 2875) 3,07 Vim 345 3-69 219 '! 3-53 
0.50 387 3-40 252 S:50r 6367, 335) 234 1 3.35 
0.60 389 Baz 258 3.28 373 Rene 234 3.16 
0.70 380 2.94 257 3.03 359 2.89 229 2.99 
0.80 367 2.74 250 2.82 338 2.79 218 2.86 
1.00 338 2.48 231 2.57 288 2.52 192 2.62 
1.50 245 2UET 172 2.15 174 2.16 120 2.25 
2.00 174 1.97 122 1.94 105 1.93 72 1.96 
3.00 QI Eye 64 1.71 42 1.67 30 1.72 
5.00 38 1.45 27 1.44 20 T.S5 14 1.40 
10.00 21 I.12 16 1.10 16 1.05 14 1.13 


* Mr. Axel Olsen kindly assisted in making some of the viscosity determinations reported 
in this table. 
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TABLE IX—Continued 


Oxalic acid Tartaric acid 
cc. of N. acid B-780 B-783 B-780 B-783 
added 
Visc. pH Visc. pH Visc. pH Visc. pH 
0.00 18 5.90 18 5.78 17 5.92 18 5 80 
0.10 eee eee eee eae coe wee ore see 
0.20 46 4.46 45 4.75 46 4.43 45 4.73 
0.30 oad eee aia cee Bie bake ans 5 
0.40 139 3.90 112 4.26 134 3.84 109 4.28 
0.50 mt Bist 5 Ee ae ate Bais ene ta 
0.60 223 B67 157 3-94 211 3-47 151 3-91 
0.70 Nae pth ain it pie, ovate wih os 
0.80 274 2133 186 3:75 261 3583) 180 B72 
1.00 300 3-14 203 3:57 288 3-09 198 3.53 
1.50 310 2.77 211 3-11 305 2.64 211 3.09 
2.00 277 2.40 189 2.64 278 2.37; 189 2.67 
3-00 208 eG} 145 2.25 210 oars 146 — 2.30 
5.00 129 1.86 91 1.91 133 1.94- 92 1.98 
10.00 59 1.52 41 1.56 61 1.57 4L 1.67 
Ortho-phosphoric acid Acetic acid 
cc. of N. acid B-780 B-783 B-780 B-783 
added 
Wise: pH Visc. pH Visc. pH Vise: pH 
0.00 20 5.92 17 5.78 16 5.90 15 5.78 
0.10 Fees ads Aah te Aig ae Pps aa 
0.20 64 4.77 58 4.97 80 4.68 61 4.92 
0.30 ae WE akc ys ane cosine mii Air 
0.40 228 4.29 164 4.62 187 4.45 122 4.65 
0.50 “he Sree aaa Je SAG vice a vee 
0.60 320 3.85 219 4.31 226 4.29 145 4.46 
0.70 pre rots Lasts ee Ar 
0.80 365 3-65 246 3-92 ea metre ayes Biers 
1.00 387 3-50 261 3.58 258 4.16 165 4.28 
1.50 401 3.08 267 3.16 Site Seis ah Got 
2.00 391 2.86 257 2.82 204 3.85 184 3.96 
3.00 350 2.43 230 2.49 Brox: cead ee: 5 see 
5.00 285 223 183 eer) 323 3-57 203 3.60 
10.00 He stoi) T.9t 125 1.93 333 3-38 203 3.35 
Citric acid ~ Phosphorous acid 
ec. of N. acid B-780 B-783 B-780 B-783 
added 
Visc. pH Visc. pH Vise. pH Visc. pH 
0.00 16 5.87 17 5.82 16 5.87 17 5.78 
0.10 cot ORS oe aor chs Brae oe aes 
0.20 18 nz 21 er eye: 32 4.72 35 4.85 
0.30 mete te pices nor lass ec ae A Sr 
0.40 50 43350 =, 50 4.46 167 4.23 116 4.48 
0.50 Re one erate veeg 
0.60 118 4.18 93 4.21 257 3-94 176 4.11 
0.70 eae Ad a AS ee he eee Boe 
0.80 178 3.96 125 4.02 309 3-67 208 B67, 
1.00 225 ) 3x80 147 3.85 329 3-43 221 3.42 
1.50 288 3.52 184 3.57 339 2.96 240 2.96 
2.00 313 3.30 198 3-31 317 2.77 230 2.72 
3.00 7 aaa 5 oR eine 258 B39 190 2.33 
5.00 322 2.82 213 2.87 184 2.01 137 2.08 


10.00 285 2.57 189 2.60 IIo 1.67 82 1.81 
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TABLE IX—Continued 


Monochlor acetic acid Lactic acid 
ce, of N. acid B-780 B-783 B-780 B-783 
added = 
Vise. pH Vise. pH Visc. pH Vise. pH 
0.00 19 5.82 16 5.83 16 5.85 15 5.78 
0.10 48 4.84 41 4.95 76s 4.73 81 4.84 
0.20 185 > aga 12 4.60 221 4.35 181 4.48 
0.30 279 4.16 183 4.26 276 4.13 213 4.21 
0.40 317 3.84 210 3.92 300 3.94 226 4.02 
0.50 332 3.50 220 3.02 307 ne 228 aos 
0.60 340 3.33 Zar 3-53 312 3.60 228 3.72 
0.70 339 3-23 230 3.42 sate NO Gal ciate 
0.80 336 3.14 226 3.30 317 3-50 234 3.57 
1.00 331 2.99 219 3.11 317 3.42 231 3.47 
1.50 314 2.76 211 2 Or7, 319 Shae 233 3.25 
2.00 295... 2.64 190 2.64 319 Bung 231 3-18 
3.00 263 2.49 171 2:47 322 2.94 229 3.01 
5.00 219 2.32 140 2.28 316 2.74 226 2.79 
10.00 159 2.06 103 2.00 293 2.49 \ 208 , zal 
Sulfuric acid Hydrobromic acid 
ec. of N. acid B-780 B-783 B-780 B-783 
added 
Visc. pH Vise. pH Visc. pH Visc. pH 
0.00 18 5.87 17 5.78 18 5.87 
0.10 22 4.97 4 4.97 45 4.88 
0.20 31 4.56 28 4.63 187 435 
0.30 55 4.36 50 4.36 293 4.01 
0.40 82 4.14 66 4.13 348 3.64 
0.50 99 3.82 76 3.89 370 3-36 
0.60 107 1-3) 3y, 8r 3.64 374 3.08 
0.70 III 3-33 79 3.48 358 2.93 
0.80 106 3.18 78 3-35 330 2.81 etd att 
1.00 90 2.87 68 3.06 279 2.62 Cyan Spc 
1:50 52 2eau 38 2.49 171 2.22 
2.00 38 2.10 27 2.20 IIo 2.00 Pave 
3.00 27 1.81 18 I.Q1 48 1.76 
5.00 iat a0 Fa et 17 1.45 
10,00 15 1.25 14 1.30 15 IGE 
Meta-phosphoric acid 
Dichlor Trichlor Solution stood Fresh 
acetic acid acetic acid several months solution 
ec. of N. acid a 
added B-780 B-780 B-780 B-780 
Viscosity Viscosity Viscosity Viscosity 
0.00 15 18 ’ 17 15 
0.10 39 22 18 15 
0.20 142 89 22 15 
0.30 251 179 36 15 
0.40 302 244 54 15 
0.50 315 273 68 15 
0.60 322 282 70 15 
0.70 304 276 87 Me 
0.80 284 258 04 1s 
1,00 239 214 100 15 
1.50 161 95 106 - 
2.00 104 41 98 15 
3.00 54 21 78 tre ” 
5.00 23 23 39 on 
10.00 18 23 22 
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It is noted in Table IX and Figures 6 and 7 that the difference 
between flours B-780 and B-783 is not so marked as before and also 
that the imbibition of the various acids with a given flour reaches 
more nearly the same maximum, altho the differences between the 
two flours are still very great. 


EFFECT OF SODIUM AND BARIUM HYDROXIDE ON VISCOSITY 
OF FLOUR SUSPENSIONS 

The effect of sodium and barium hydroxide on the viscosity of 
these two flours was studied both with the soluble extract present and 
with the soluble extract partially removed by the method described 
above. The hydrogen-ion concentrations were determined with the 
Hildebrand electrode previously described. It is believed that the 
carbon dioxide of the air did not interfere with the determination 
of the hydrogen-ion concentration, but was swept away by the con- 
stant stream of hydrogen. Experiments in which the total amount 
of alkali was added all at once and the hydrogen-ion concentration 
measured immediately, gave practically the same results as those in 
which the alkali was added in small portions over a longer time. In 
the experiments with barium hydroxide, a saturated solution was used 
instead of a normal solution and the results were all calculated on the 
basis of a normal solution. The results obtained with the alkalies are 
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given in Table X and XI and Figures 8 and 9. For comparison over a 
range of pH, the effects of hydrochloric and sulfuric acids are also 


given in the figures. 
TABLE X 
Viscosity, In Decrees MacMicnaer, of FLlours B-780 anv B-783 as INFLUENCED 2Y THE 
AppITIon or Vartous Amounts oF Normat SopiumM AND Bartum HypRox1DE 
SoLutions, wituH PH or ReEsuttinGc MixTuReE* 

Twenty-five grams of flour on the dry basis was taken in each instance, treated with 
100 cubic centimeters of distilled water, and digested with occasional shaking at 25° C. for 
one hour. One hundred cubic centimeters of this mixture was taken for the viscosity measure- 
ments. All determinations were carried out at the temperature of 25° C., and are corrected 
for dilution back to the original volume of 100 cubic centimeters. The wire was standardized 
with a sucrose solution whose absolute viscosity was 5.73 centipoise. This solution gave a 
reading of 14.3 degrees MacMichael. 


Sodium hydroxide Barium hydroxide 
cc. of N. alkali B-780 B-783 B-780 B-783 
added - = eee 
Visc. pH Vise. pH Visc. pH Visc. pH 
0.00 66 5.85 39 5.85 61 5.92 39 5.82 
0.20 66 mis 39 pate 61 otc yo 
0.40 66 ee 39 See atone 62 Rent 39 
0.80 67 8.62 39 ae 63 wees 40 
1.00 79 sits 40 hich es AAS 
1.20 83 9.57 40 8.84 67 Lets 41 Pa 
1.60 106 10.08 47 9.55 66 9.72 39 a 
2.00 194 10.47 66 10.13 76 10.40 40 9.65 
2.25 293 10.62 98 Oo 97 10.55 Jig alata 
2.50 409 10.72 158 ah I19 aie 51 10.50 
275 532 10.82 239 10.57 137 10,67 Sate cio, 
3.00 609 10.90 321 10,67 152 wists 87 10.79 
3.25 625 10.97 342 10.79 A vA sir HS 
4.00 573 11.16 321 11,02 177 11.02 134 II.12 
5.00 41I 11.41 211 TiegL 185 TI.21 140 11.28 
6.00 Bie 11.58 PSOn Med tas 177 11.45 102 11.36 
8.00 277 11.78 145 11.80 144 11.58 68 11.56 
10.00 287 11.94 155 I1.92 114 11.75 55 I1.70 


*In case of barium hydroxide it was, of course, necessary to use a more dilute solutio~ 
The data have all been calculated back to the basis of a normal solution. 
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Fig. 9. Relation of Viscosity and Hydrogen-ion Concentration with Extracted Flour 
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TABLE XI 


Viscosity, IN Decrees MacMicnaet, or Fiours B-780 anp B-783 as INFLUENCED BY THE 
AppiTIon oF Various Amounts oF Norma Sopium aNnD Barium HyDROXIDE 
SoLuTIons, WITH THE PH or THE ReEsuLTiNG MIxTuURE* 


The water soluble substances present in the natural flour were largely removed by digesting 
18 grams of flour on the dry basis with 1000 cubic centimeters of distilled water for 45 minutes 
at 25° C. with occasional shaking. The supernatant liquid was removed by decantation, the 
residue was treated with 500 cubic centimeters of distilled water, shaken, allowed to stand 
15 minutes, and the decanted material remaining was made up to a volume of 100 cubic centt- 
meters with distilled water. The viscosity values have all been corrected for dilution back to 
the original volume of 100 cubic centimeters. All determinations were carried out at the 
temperature of 25° C. The wire in this case was standardized with a 60 per cent sucrose 
solution whose absolute viscosity is 43.86 centipoise. This solution gave a reading of 87.7 
degrees MacMichael. 


Sodium hydroxide Barium hydroxide 
ce. of N. alkali B-780 B-783 B-780 B-783 
added 
Visc. pH Visc. pH Visc. pH Vise; l= pi 
0.00 15 foes 9 ane 15 Shere 9 
0.20 15 8.66 9 7.64 15 Atta 9 
0.40 36 9.62 21 9.16 15 ont 9 it 
0,80 77 10.55 116 10.68 15 10.09 9 10.14 
1.00 282 10.72 184 10.85 ya aah 
1.20 339 eae 194 11,02 32 10.63 22 10.80 
1.40 378 10.94 Ayo ee are ee nity; Bites 
1.60 387 1T.i0 164 II.1II 50 10.97 39 11.06 
1.80 381 11.23 wate Ben wate gee ew aieig 
2.00 358 11.34 107 II.41 63 II.09 43 11.26 
2.25 290 11.45 Bois ins 64 arate 43 TI.31 
2.50 190 11.53 63 11.56 68 11.28 oe Ae 
3.00 112 1175 42 Ti.73 73 11.39 38 11.45 
4.00 62 11.92 33 11.87 51 11.58 22 I1.61 
5.00 Siete are ae oo 38 11.70 oe wake 
6.00 SI 12.16 31 12.07 27 11.78 16 11.83 
8.00 5 a seal aa oe 2I 11.94 stash Saud 
10.00 (Ee 12.41 44 12.41 14 12.10 14 12.10 


*JIn case of barium hydroxide it was, of course, necessary to use a more dilute solution. 
The data have all been corrected back to the basis of a normal solution, however. 


MAXIMUM VISCOSITY OBTAINED WITH LACTIC ACID USING A 
SERIES OF DIFFERENT FLOURS 


The determination of viscosity with the salts partially removed 
probably represents more nearly the actual imbibitional powers of the 
proteins present in the flour. This is essentially a study of gluten, and 
hence those variables in its environment (such as electrolytes) which 
affect gluten properties should be removed, or rendered uniform. The 
ash content of flours (even of the higher grades) is so variable as to 
occasion corresponding variations in the imbibitional properties of the 
gluten, and the soluble ash components should accordingly be removed 
before gluten comparisons are attempted. It was therefore thought 
probable that some relation could be found between the viscosity values 
of flours and their baking strength. Lactic acid is probably the one 
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best suited for this study because it maintains approximately maxi- 
mum viscosity over a wide range of acid concentration (see Figures. 
1 and 2). Mr. Marshall, of the United States Bureau of Markets, 
kindly supplied a series of flours for this study, together with the 
baking and analytical data. The high points of the curve reached by 
the addition of increasing amounts of lactic acid were determined both 
with and without the removal of the water-soluble extract. These 
data and the baking and analytical data supplied by Mr. Marshall, 
are given in Table XII. 

It is to be regretted that the viscosity data in some instances may 
not be the exact values, for there was not enough flour in most cases. 
to run duplicate determinations. 


EFFECT OF CONCENTRATION OF FLOUR ON VISGOSIEM 


In this study 12, 15, 18, 21, and in some instances 24 grams of 
flour on the dry basis were made up to 100 cc. with distilled water, 
allowed to stand 1 hour, and the increase in viscosity produced by the 
addition of various amounts of concentrated syrupy lactic acid was 
determined. The highest viscosity obtained by the addition of lactic 
acid is given in Table XIII, together with the actual grams of crude 
protein and of glutenin contained in the portions of flour used. This 
table is also made to include the grams of crude protein and glutenin 
in the portions of flour used in Table XV. 

It was found that if the logarithms of the viscosity readings were 
plotted as ordinates and the logarithms of the flour concentration as 
abscissa, straight lines were obtained, as shown in Figure 10. Figure 
10 also contains the logarithms of the viscosity readings plotted against 
the logarithms of the crude protein content and the glutenin content 
of the portions of flour used. 

It will be observed from Figure 10 that the lines do not all lie at 
the same angle with respect to the axis of abscissa. 

The equation for the logarithmic curve is 

log. viscosity = a + b (log. concentration) 
where a is the logarithm of the viscosity reading when log. of concen- 
tration is zero; and b is the tangent of the angle made by the loga- 
rithmic curve with the axis of abscissa. The equation may also be 
expressed in the following form: 
Viscosity = a (concentration)? 

The constants a and b were calculated from the data by the method 
of least squares. The values of the constant b were also measured 
from the curve. The results of these calculations are given in Table 
XIV. " 
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\Hicuest Viscosity REACHED BY SUSPENSIONS OF DIFFERENT AMOUNTS OF VARIOUS FLOURS ON 
THE ADDITION OF CONCENTRATED Syrupy Lactic Acrp, TOGETHER WITH 


The weighed portions of flour on the dry basis were made up to a total volume of 100 ce, 
with distilled water and digested with occasional shaking for 1 hour before the determinations 


were made. The determinations were all made at 25° C. A 60 per cent sucrose solution gave 


TECHNICAL BULLETIN 19 


TABLE XIII 


THE GRAMS OF CRUDE PROTEIN AND GLUTENIN CONTAINED 
IN THE INDICATED PoRTIONS OF FLOUR 


‘a viscosity reading of 29.2° M. with the setting of the wire used. 


6 gms. flour 


9 gms. flour 


12 gms. flour 


Flour 
Lab. No. Protein, Glutenin, Protein. Glutenin, Protein, Glutenin, Viscosity, 
grams grams grams grams grams grams M° 
1001 0.763 0.342 1.144 0.513 1.525 0.684 17 
1002 0.874. 0.393 Ts3r2 0.590 1.748 0.786 19 
1003 0.599 0.251 0.898 0.377 1.198 0.503 6 
1004 0.843 0.367 1.265 0.550 1.686 0.733 7 
1005 0.738 0.326 1.106 0.489 1.475 0.652 21 
1006 0.804 0.329 1.205 0.493 1.607 0.658 30 
1007 0.941 0.388 1.411 0.583 1.882 0.776 20 
1008 1.027 0.447 1.540 0.671 2.053 0.894 36 
1009 0.925 0.414 1.387 0.622 1.849 0.830 32 
I0IO 0.699 0.303 1.049 0.455 1.398 0.606 10 
IOIr 0.720 0.296 1.080 0.444 1.440 0.592 8 
15 gms. flour 18 gms: flour 
Flour Protein, Glutenin, Viscosity, Protein, Glutenin, Viscosity, 
Lab. No. grams grams M° grams grams — M° 
1001 1.907 * 0.855 40 2.288 1.026 79 
1002 2.186 0.983 34 2.623 1.179 57 
1003 1.497 0.629 12 1.796 0.754 2t 
1004 2.108 0.917 13 2.529 1.100 24 
1005 1.844 0.815 40 2.212 0.977 67 
1006 2.009 0.822 67 2.410 0.986 106 
1007 2.352 0.971 41 2.822 1.165 74. 
1008 2.567 1.118 5 3.080 1.341 106 
1009 2.312 1.038 72 2.774 1.246 136 
1010 1.748 0.758 21 2.097 0.909 37 
IOIT 1.800 0.740 15 2.160 0.887 25 
21 gms. flour 24 gms. flour 
Flour Protein, Glutenin, Viscosity, Protein, Glutenin, Viscosity, ~ 
Lab. No. grams grams M° grams grams M° . 
100! 2.669 I.197 135 : if 
1002 3.060 1.376 85 aan ean : 
1003 2.096 0.880 32 2.395 1.006 49 
1004 2.951 1.283 33 3.372 1.466 50 
1005 2.581 1.140 104 2.950 1.303 140 
1006 2.812 I.I51 169 aisha ae 
1007 3-293 1.359 109 ane 
1008 3-593 1.565 158 3 d's 
1009 3.236 1.453 198 tale eaten ‘fe 
IOIO 2.447 1.061 53 2.796 I.212 83 
VOI 2.520 1.035 39 2.880 1.183 55 
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Fig. 10. A. Logarithms of Highest Viscosity Reading Produced with Lactic Acid Plotted: 
Against Logarithms of Flour Concentration of Unextracted Flour 

B. Logarithms of Highest Viscosity Reading Produced with Lactic Acid Plotted 
Against Logarithms of Protein Concentration of Unextracted Flour 

C. Logarithms of Highest Viscosity Reading Produced with Lactic Acid Plotted 
Against Logarithms of Glutenin Concentration of Unextracted Flour 


TABLE XIV 
CoNSTANTs FOR THE LoGarIruHmMic ExpREssion: Loc Viscosity=a+b (Log CoNcENTRATION): 
WITH THE SALTS PRESENT 


The calculated values were obtained by the method of least squares, the values for a are 
given on the basis of flour concentration, crude protein concentration, and glutenin concentration. 
The measured values for b obtained by the graphical method are also given. 


Calculated values 


Flour Measured Flour Protein Glutenin 
Lab. No. value of conc. cone. conc. 
-b- b a a a 
1001 3.647 3-705 —2.671 —0.558 —1.848 
1002 2.662 ~ 2.689 1.799 0.570 T.555 
1003 2.980 3.013 2.469 0.547 1.685 4 
I004 2.852 2.829 2.184 0.207 1.232 
1005 2.691 2.766 1.654 0.864 1.845 
1006 2.955. 2.996 1.731 0.883 2.048 
1007 3-043 3-052 1.982 0.473 1.646 
1008 2.620 2.643 1.295 0.732 1.686 
1009 3-341 3.291 2.028 0.645 1.791 
1010 2.858 3.005 2.227 0.578 1.669 


1011 2.729 2.797 2.114 0.461 1.542 
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The effect of the removal of the soluble materials on the change 
in viscosity with concentration was also determined. For this purpose 
6, 9, 12, 15, 18, and in some instances 21 grams of flour on the dry 
basis was digested with one liter of water, with occasional shaking, for 
45 minutes, and then allowed to stand until the material had settled, 
from 5 to 15 minutes. The supernatant liquid was decanted and the 
residue made up to a volume of 500 cc. with distilled water, shaken, 
and the material allowed to settle. The supernatant liquid was again 
decanted and the residue made up to a total volume of 100 cc. and the 
maximum viscosity attainable with normal lactic acid determined. 
This substitution of simple decantation for the longer and more tedious 
procedure of removing the supernatant liquid by means of the centri- 
fuge was adopted only after it was found that the two methods gave 
results which agreed within experimental error. Duplicate determina- 
tions were made throughout. The highest viscosity obtained by the 
addition of various amounts of normal lactic acid is given in Table XV. 
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Fig. 11. A. Logarithms of Highest Viscosity Reading Produced with Lactic Acid Plotted 
Against Logarithms of Glutenin Concentration of Extracted Flour 
C. Logarithms of Highest Viscosity Reading Produced with Lactic Acid Plotted 
Against Logarithms of Protein Concentration of Extracted Flour 
B. Logarithms of Highest Viscosity Reading Produced with Lactic Acid Plotted 
Against Logarithms of Flour Concentration of Extracted Flour uy 
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The data in Table XV are expressed in the form of logarithmic 
curves in Figure 11. In this figure the logarithms of the viscosity as 
ordinates are plotted against three different abscissa, namely, the loga- 
rithms of the flour concentration, of the grams of crude protein pres- 
ent, and of the grams of glutenin present in the portions of flour used. 
It will be noted that using the glutenin concentration as well as the 
protein concentration as abscissa produces a closer grouping of the 
lines indicating the relationship of these components to the imbibition 
phenomena. It will be noted that the curves with the salts removed 
lie more nearly at the same angle than is the case with the salts present. 

In Table XVI are given the values for the constant b measured 
from the curves, and the values for b and a calculated by the method 
of least squares. 


TABLE XV 
EFFECT oF CONCENTRATION OF FLourR-IN-WaTER SUSPENSIONS ON VISCOSITY 

The water soluble substances were removed by digesting the amounts of flour indicated 
with one liter of distilled water for 45 minutes, decanting the supernatant liquid, shaking with 
an additional 500 cc. of distilled water, decanting the supernatant liquid, and making the 
residue up to a total volume of 100 cc. A correction was made for dilution in the viscosity 
determinations. A 60 per cent sucrose solution having a viscosity of 43.86 centipoise gave a 
reading of 29.2 degrees MacMichael.* 


Flour 6 gms. 9 gms. 12 gms. 15 gms. 18 gms. 21 gms. 
Lab. flour flour flour flour flour flour 
No. M° M° M° M° M° me 
Too! 7 22 58 5 183 

1002 8 28 59 127 106 wan 
1003 4 II 22 40 65 8s 
1004 8 23 45 79 138 

1005 10 33 72 124 185 

1006 14 44 08 165 240 

1007 14 42 87 153 234 

1008 21 54 100 163 240 

1009 15 46 100 180 25 aa" 
TO1O 4 14 31 64 100 152 
Torr 6 18 35 57 87 126 


* Altho the 60 per cent sucrose solution had the same reading in this table as in 
Table XIII, a resetting of the wire was made and it is doubtful whether a comparison other 
than of a relative nature is justified. 


Baking data.—tThe flours used in this work, laboratory Nos. 1001 
to IOII, were subjected to a joint investigation by Rumsey (1922), 
Collatz (1922), and the author. The source, type, and class of the 
wheat and the grade of the flour are given in Table XVII. 
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TABLE XVI 
‘CONSTANTS FOR THE LoGarirHMic Expression: Loc. Viscosity=a+b (Loc. ConcENTRATION) 
WITH THE SaLtTs REMOVED 
The calculated values were obtained by the method of least squares, the values for a are 
given on the basis of flour concentration, crude protein concentration, and glutenin concentration. 
The measured values for b obtained by the graphical method are also given. 


Calculated values 


Flour Measured Flour Protein Glutenin 
Lab. No, value of conc. cone, conc. 
b b a a a 
1001 3.048 F 3.023 —T. 515 +1.193 +2.244 
1002 2.954 2.926 +1.365 1.083 2.099 
1003 2.492 2.499 B.352 1,157 2.009 
1004 2.551 2.552 1.085 1.092 2.011 
1005 2.631 2.666 1.048 1.378 2.325 
1006 2.654 2.610 0.861 1.418 2.431 
1007 2.565 2.568 0.840 1,226 2.213 
1008 2.206 2.212 0.396 _ 1.306 2.107 
1009 2.678 2.622 0.848 1.281 1.195 
1010 2.893 2.909 1,645 1.071 2.127 
IOII 2.304 2.398 1.062 1.148 2.073 
TABLE XVII 
History AND DESCRIPTION OF FLourR SAMPLES 
~ 
Flour Locality Variety Grade Grade 
Lab. where of of of 
No. grown wheat wheat flour 
IOOJ Central Kansas Turkey Red Hard Red Winter Patent 
Reno County 
1002 Central Kansas Turkey Red Hard Red Winter First clear 
Reno County 
1003 Washington, Little Club White Club Straight 
Walla Walla 
1004 North Dakota Marquis and Hard Red Spring Second clear 
Red River Valley Bluestem 
1005 North Dakota Marquis F Hard Red Spring Patent 
Red River Valley Bluestem ‘ 
1006 Canada, Marquis Selected Hard Patent 
Southern Alberta Red Spring 
1007 ~+Canada, Marquis Selected Hard First clear 
Southern Alberta Red Spring 
1008 Canada, Saskat. Marquis Hard Red Spring Patent 
Valley, Saskatoon 
1009 ~>r- Red River Valley Marquis mostly Hard Red Spring Patent 
1o1o Utah, irrigated land Kofod* Straight 
1011 Ohio, Like Fultzo- Soft Red Winter Long patent 


Williams County 


Mediterranean 


ee 


* Identified by J. Allen Clark, of the U. S. Department of Agriculture, as “probably 


Kofod.” 
wheats.” 


Rumsey (1922) and Collatz (1922) refer to this sample as “like Sonora, California 


Their identification is undoubtedly incorrect. 


“The 
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The baking data of the series are given in Table XVIII. The data 
are the result of several bakings in which each flour was baked in such 
a way as to produce the largest possible volume and at the same time 
make a loaf of bread that would be desirable commercially. The 
flours were baked and scored by three bakers over a period of approx- 
imately a year, with the same end in view. The results given in Table 
XVIII are selected with the belief that they represent the most trust- 
worthy data obtained. 


PROTEIN FRACTIONS IN THE VARIOUS FLOURS 


Because of the slight solubility of gliadin in distilled water it was 
desirable to ascertain how much protein was removed by the treat- 
ment with one liter of water followed by a subsequent treatment with 
500 cc. of water. Accordingly the following experiment was carried 
out. Duplicate portions of 18 grams and 9 grams, on the dry basis, of 
flour 1009 were treated with one liter of water with occasional shaking, 
for 45 minutes, the material was allowed to settle for 15 minutes, and 
the supernatant liquid was then decanted into a 2-liter flask. The 
residue was treated with 500 cc. of distilled water, shaken thoroly, and 
allowed to stand 15 minutes, then the supernatant liquid was decanted’ 
into the 2-liter volumetric flask, the flask was made up to the mark with 
water, and the protein content (N x 5.70) of an aliquot was deter- 
mined by the Kjeldahl method. 

The residue from this extraction was treated with 100 cc. of 95 
per cent ethyl alcohol, the water already present in the residue being 
sufficient to dilute the alcohol so that the final concentration was approx- 
imately 70 per cent alcohol. This material was then digested for two 
hours with occasional shaking, at the end of which time it was centri- 
fuged and the supernatant liquid decanted into a 500-cc. volumetric 
flask. The residue was then treated wih 100 cc. of 70 per cent alcohol 
and digested, with occasional shaking, for 30 minutes. At the end of 
this time it was centrifuged and the supernatant liquid decanted into 
the volumetric flask, the extraction of the residue with 100 cc. of alco- 
hol was repeated and the extract added to the volumetric flask. The 
flask was then made up to volume and the protein content (N X 5.70) 
of an aliquot was determined by the Kjeldahl method. 

The residue from the two extractions was treated with 50 cc. of 
70 per cent alcohol, placed in a mechanical shaker, and shaken for 30 
minutes. At the end of this time it was centrifuged and the protein 
content (N X 5.70) was determined by the Kjeldahl method. The 
residue was again extracted in a similar manner and the protein in the 
extract determined. 
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The residue remaining after this extraction was treated twice with 
50 cc. of 95 per cent ethyl alcohol by shaking in a mechanical shaker 
for 30 minutes and followed by a treatment with 50 cc. of ethyl ether. 
The protein content of these combined extracts was determined. 

The final residue was allowed to dry in the air and was then 
treated with enough distilled water to make a total volume of 100 cc., 
and the effect of normal lactic acid on its viscosity was determined. 
The highest value obtained with the various amounts of lactic acid 
is given in Table XIX, together with the data on the protein extracted. 

It will be noted that while the viscosity reached is not as high 
as that reached in the previous determination, i.e., 258° M., (cf. Table 
XV) the increase is of the same order of magnitude and confirmed 
earlier indications that the glutenin was mainly responsible for the im- 
bibitional effects produced by the addition of acid. 

In order to investigate this point still further, 18 grams of flour 
1009 was shaken up with 500 cc. of distilled water, the flour particles 
allowed to settle for 15 minutes, and the supernatant liquid then de- 
canted into a 2-liter volumetric flask. Extraction with 500 cc. of dis- 
tilled water was repeated three times, making a total volume of 2 liters 
in four separate portions used for the extraction. The protein content 

_(N X 5.70) was determined on an aliquot of the extract. 

The residue from the above extraction was again extracted with 2 
liters of distilled water in the way described and the amount of protein 
(N X 5.70) removed in this second extraction was determined by the 
Kjeldahl method. 

The residue remaining after this extraction was treated with 100 cc. 
of 95 per cent ethyl alcohol, shaken in a mechanical shaker for one 
hour, centrifuged, and the extract decanted into a 500-cc. volumetric 
flask. The residue was twice extracted with 100 cc. of 70 per cent 
ethyl alcohol and the protein content determined on an aliquot of the 
‘combined extracts. 

The same procedure was repeated with a second sample of flour, 
except that 12 extractions with water were made previous to the alcohol 
extraction. : 

The same procedure was repeated with a third sample of flour, 
except that 16 extractions- were made with water previous to the 
alcoholic extraction. The results are reported in Table XX together 
with the highest viscosity reached when the final residue, made up to 
100 cc, with water, was treated with various amounts of lactic acid. 
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TABLE XX 


ProTeIn EXTRACTED FROM FLOUR 1009 BY SUCCESSIVE TREATMENTS WITH WATER 
FoLLoweEp spy ALCOHOL 

Eighteen grams of flour was extracted four times with 500 cubic centimeters of_ water 
and the protein (N X 5.70) in the combined extract determined. The residue was then extracted 
again with water the number of times indicated, and finally three times with 70 per cent alcohol. 
The protein content of the various extracts was determined, the residue made up to 100 cubic 
centimeters, and the maximum increase with lactic acid determined. Wire used read 29.2° M, 
with a 60 per cent sucrose solution whose viscosity is 43.86 centipoise. 


First 4 Second 4 Third 4 Fourth 4 Alcohol Total ; 
extracts, extracts, extracts, extracts, extracts, per cent Vis- 
per cent per cent per cent per cent per cent protein cosity 
protein protein protein protein protein extracted M° 

6.67 1.61 ters Pra 1.85 10.13 * 
6.77 1.56 0.75 mies 1.25 10.33 157 
6.77 1.43 0.63 0.52 1.12 10.33 149 


* Residue lost by accident. 


It will be seen from Table XX that the extraction with water 
apparently removed most of the alcohol soluble protein and that the 
greatest part is removed in the first four treatments with water.. The 
residue did not exhibit as high a viscosity as the original flour when 
the soluble electrolytes were removed by the process first used, 1e., 
258° M. (cf. Table XV). Asa result of the treatment recorded in Table 
XX approximately one per cent more protein was removed than in 
the case recorded in Table XIX. This would account for the differ- 
. ence in viscosities recorded in the two tables. It was thought that this 
decrease in viscosity as shown in Tables XIX and XX as compared 
with Table XV, might be due to the denaturizing effect on the glutenin 
of either the drying or the treatment with alcohol. 

In order to investigate this point, 18 grams of flour 1009 was 
extracted eight times with 500 cc. portions of distilled water followed 
by three extractions with 70 per cent alcohol as described above, and 
the residue was then extracted with four additional portions of 500 cc. 
of distilled water. The amount of protein removed by this last extrac- 
tion with water was 0.31 per cent. The highest viscosity reached with 
lactic acid was 202° M. 

The procedure was repeated, except that the flour was first extracted 
with twelve portions of water instead of eight. The amount of protein 
extracted in the final treatment with water was 0.35 per cent. The 
highest viscosity reached was 160° M. 

The experiment was repeated, except that the flour was first eX- 
tracted with sixteen portions of distilled water. The protein content 
of the last water extract was 0.26 per cent, the highest viscosity 
reached was 105° M. It is rather difficult to interpret these results 
as, unfortunately, the amounts of protein extracted by the. different 
treatments were not determined. It does seem to indicate that the 
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treatment with alcohol markedly affects the imbibitional powers of the 
remaining protein or that the removal of that last portion of protein 
extracted with the alcohol decreases the imbibition. 

An experiment performed with the expectation that it would 
throw some light on the subject was carried out as follows: 18 grams. 
of flour 1009 was extracted with eight portions of distilled water. 
The residue was then made up to a total volume of I00 cc. and the 
effect of additions of various amounts of lactic acid was studied. The 
experiment was then repeated with 18-gram portions of flour which 
had been extracted twelve and sixteen times with water. 


nN 
oOo 
o 
\ 
\ 
\ 
1 
| 
is] 
| 
| 
t 
t 
i} 
| 
1 


VISCOSITY DEGREES MACMICHAEL 


i} 
i 
\ 
ee DADS a tegen ee ccs Me \ 

gall 


\ 
at a 


300 


i) 
i 
! 1M 


\ 
\ 


\ 
\ 
\ 


200 


Ss 

CC. NORMAL LACTIC ACID |_CC. NORMAL SALT 7-5 

0 0.2 0.4 RE PES 1 0:2 0.4 

Fig. 12. Effect of Repeated Extraction of the Flour with Water on Viscosity as Influenced by 
Lactic Acid and Effect of Adding Salts to the System 


It will be seen that this experiment is essentially the same as those 
already noted, except that treatment with alcohol is omitted. The 
results of the experiment are given in Table XXI and are shown 
graphically in Figure 12. The results point to some very interesting 
conclusions. Table XIX shows that eight''extractions with water 
remove 8.28 per cent of protein, twelve extractions remove 9.08 per 
cent, and sixteen extractions remove 9.35 per cent. Subsequent ex- 
periments (Table XXII) indicate that the total sum of the albumen, 
globulin, and alcohol-soluble protein (gliadin) in sample No. 1009 is 
8.49 per cent. It therefore appears that practically all the gliadin 
has been removed from this flour by repeated extraction with distilled 
water; nevertheless the maximum viscosity attained, i.e., 456° M., is 
much higher than any of the previous values, indicating that the’ 
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gliadin is not responsible for change in viscosity on the addition of 
acids but that such changes are probably due almost entirely to the 
glutenin fraction. The effect of even 0.10 cc. of normal lactic acid is 
very pronounced, causing an increase in viscosity of more than 90 
times the value obtained with distilled water (4° M. to 365° M.). 
The effect of electrolytes in depressing these high viscosities is equally 
pronounced, as can be seen from an inspection of Figure 12. We shall 
have occasion to return to this experiment later when we consider the 
nature of the mechanism involved in viscosity changes induced by the 
addition of acids and alkalies. 


TABLE XXI 


Viscosity, 1n DeGREEs MacMicuHaegL, as AFFECTED By Lactic AciD, OBTAINED wITH 18 GRAMS 
OF FLour 1009 BY TREATING THE RESIDUE MabDE UP To 100 Cusic CENTIMETERS 
AFTER EXTRACTING 8, 12, AND 16 TIMES WITH 500 CC, 
Portions oF DisTILLED WATER 
After one ce. of lactic acid had been added, the material was treated with normal 


magnesium sulfate and in one case with magnesium chloride. The wire used read 29.2° M. with 
a 60 per cent sucrose solution whose viscosity was 43.86 centipoise. 


8 extractions 12 extractions 16 extractions 16 extractions 
ce. of N. with 500 cc, with 500 cc. with 500 cc. with 500 cc, 
solution added of water of water of water of water 


Lactic acid 


M° M° Me Mer 
0.00 4 4 3 3 
0.10 360 365 265 264 
0.20 415 436 322 328 
0.30 422 452 332 342 
0.40 424 456 333 349 
0.60 425 453 327 343 
0.80 418 449 320 333 
1.00 408 439 312 327 


Salt solution added to material containing 1 ce. lactic acid 


MgSO, MgSOu MgSO, MgCle 


0.05 250 276 177 214 
0.10 153 165 90 154 
0.15 98 95 53 113 
0.25 50 46 22 70 
0.50 12 II 7 34 


Acting on the hypothesis that the glutenin is the main protein 
concerned in the imbibition produced by acid and alkali, it appeared 
very desirable to determine the glutenin content of the flours investi- 
gated. As pointed out in.the introduction, the accurate determination 
of the quantity of the various proteins in wheat flour presents unusual 
difficulties. The data presented in some of the preceding tables confirm 
this conclusion. In an attempt to determine the proportions of the 
various proteins in this series of flours, the following determinations 
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were made. The protein content of the several fractions was calcu- 
lated by multiplying the nitrogen content as determined by the Kjeldahl 
method by the factor 5.7. 

Total protein.—The total protein was determitied on a one-gram 
sample. 

Potassium sulfate-soluble protein (A. O. A. C. method)—For 
this determination 6 grams of flour was extracted with 100 cc. of 
5 per cent potassium sulfate solution by shaking in a mechanical shak- 
ing machine for one hour, filtering through a fluted filter, and de- 
termining the nitrogen content of a 50-cc. aliquot. 

Alcohol-soluble protein (A. O. A. C. method)—lIn this determina- 
tion 4 grams of flour was treated with roo cc. of 70 per cent alcohol 
by shaking in a mechanical shaker for one hour, filtering the extract 
clear through a fluted filter, and determining the nitrogen content of 
a 50-cc. aliquot. 

Potassium sulfate-soluble protein, second method.—This procedure 
was the same as the previous potassium sulfate extraction except that 
at the end of the shaking period the material was centrifuged and the — 
volume of the supernatant liquid measured. The supernatant extract 
was then filtered through a fluted filter and the nitrogen in a 50-cc- 
aliquot determined. 

Alcohol-soluble protein in the residue after extraction with potas- 
sium sulfate—Enough alcohol. was added to the residue after extrac- 
tion with 5 per cent potassium sulfate solution to make a total volume 
of 150 cc. of 70 per cent alcohol, and the mixture was digested by 
shaking in the mechanical shaker for one hour. At the end of this 
time the material was allowed to settle and was then filtered clear 
through, a fluted filter, and the nitrogen in a 5o-cc. aliquot was 
determined. 

In the case of all these filtrations the first portion of liquid running 
through the filter was returned to the filter. 

All the above determinations were carried out in duplicate, and if 
the duplicates did not show close agreement the determination was 
repeated. 

It was believed that the glutenin content outa be represented most 
accurately by subtracting from the total protein content of the flour 
the sum of the amounts of protein extracted by 5 per cent potassium 
sulfate followed by 70 per cent alcohol. The A. O. A. C. method of 
determining glutenin in flour is to subtract from the total protein the 
sum of the potassium sulfate-soluble and alcohol-soluble protein as 
determined on different portions of flour. As these two solutions 
have been shown partially to extract the same material, the glutenin » 
value obtained by this method is much too low. 
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The results for the potassium sulfate-soluble protein by the two 
methods do not agree, altho the only difference in manipulation was 
filtration of the liquid in one instance, and the use of a centrifuge for 
a preliminary classification preceding filtration in the other. It is prob- 
able that in the case of filtration without centrifuging, the starch and 
suspended matter have not completely settled and the filters, therefore, 
clog and ultra-filter out some of the protein in solution, When the 
centrifuge is used, this suspended material is thrown down, thus pre- 
venting the clogging of the pores of the filter paper. There is a marked 
difference in the rate of filtration in the two instances, filtration being 
very much more rapid following centrifuging. These experiments 
indicate the desirability of carefully studying the methods for the 
determination of the amount of the various proteins in cereal products. 

The data obtained are shown in Table XXII. The dry crude gluten, 
washed from the flour by hand, is included in this table: 


EFFECT OF TEMPORARY CHANGES IN HYDROGEN-ION CONCEN- 
TRATION OF DOUGH ON COLLOIDAL PROPERTIES OF 
GLUTEN 


The flour used in this experiment was a strong patent having an 
absorption of 56.2 per cent... The amount of hydrochloric acid re- 
quired to bring the dough to a pH of 3.0 and of sodium hydroxide to 
bring a dough to a pH of 11.0 was determined. These two hydrogen- 
ion concentrations were chosen because they were the points of maxi- 
mum imbibition with acid and alkali respectively. Doughs were then 
made with water containing enough acid or alkali to give the one or 
the other of these hydrogen-ion concentrations, but the amount of 
water was restricted, so that when the acid or alkali was neutralized 
with an equivalent solution, the dough would contain the normal amount 
of water—s56.2 per cent. The doughs were kept at these two different 
hydrogen-ion concentrations for 30 minutes and then the acid or alkali 
was neutralized, bringing the dough back as nearly as possible to its 
original hydrogen-ion concentration, and additional water was added 
to give the necessary dough consistency.. The amount of sodium 
chloride formed by this neutralization was subtracted from the amount 
of salt added in the baking formula. The other ingredients of the 
dough were not added until after the acid or alkali had been neutral- 
ized. The baking formula and procedure used was that suggested by 
Bailey (1916). Two duplicate doughs were prepared in each case and 
a predetermined amount of takadiastase was added to one in order that 
the diastatic activity might not be a limiting factor. In another set of 


1 The absorption of a flour is usually considered 56.2 per cent when 56.2 grams of water 
are added to 100 grams of air-dry flour to make a dough of the required consistency. 
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experiments one half the dough was brought to a pH of 3.0, the acid 
neutralized, and then the other half of the flour added. 

The actual absorption of a dough at a pH of 3.0 was determined 
and was found to be 61.3 per cent. While this is an increase of about 
-5 per cent over the control, nevertheless the increase is small compared 
with what might be expected from the viscosity curves. The reason 
for this small difference may be due to two causes: The inhibiting effect 
of the sodium chloride added in the baking formula, and the large 
amounts of imbibitional water which may not be held firmly enough 
to make a dough of the proper consistency. The results of the experi- 
ments are given in Table XXIII. 


TABLE XXIII 


Errect on Loar VotumME or TEMPORARILY CHANGING THE HyYDROGEN-ION CONCENTRATION 
oF THE DouGH 


For each loaf 300 grams of flour was taken.* 


Loaf volume, Absorption, 


Treatment of dough ec. per cent 
een eine Westie a glee dbp wie Mere ale wwe ald aes 1600 56.2 
SRR MUR ARTIC AGI Wot ate) = Slee, ed Sin) wvv cole eydoPe Ginle eee ee as 830 59.1 
MOU epeenMC WACK -QLASEASC. (6d. ec ies cee so vole Fee es 1050 61.8 
SRC RR EITC ACKN Saye) alee nine ake sted ce eee hae vce 1130 58.9 
Morprert and. DACk--tastase: ci di.cce ess cclews eves ees 1085 56.2f 
Absorption determined at pH 3.........-..00-eee eee ae 61.3 

New Baking 

aE EUS y ete ate > cvs s cas tts s Hic we cbs casein ct nee 1425 56.8 
Ree Cee RTOS UASG Maat cegenia ers Wisis--/.0) ies 2 oles! s gia 'o04 oe 6 ae 1390 57.2 
Pidiveommlouen to pid) 3 andiback  .... 6c ene eee 1325 63.4 
Half of dough to pH 3 and back+diastase .......... 1345 63.9 


* Mr. Arnold Johnson kindly carried out the bakings reported in this table. 
7 Amount of water restricted. 


Tt will be noted that all the treatments decreased the loaf volume. 
The decrease is not so apparent in the second set of bakings. In this 
baking the control did not behave normally. This the baker attributed 
to the poor quality of the yeast used. The effect of the treatments was 
shown very markedly in the handling of the doughs. They were ex- 
tremely short and broke like putty when pulled, while the baked bread 
had a very coarse texture. The loaves in which the. hydrogen-ion 
concentration had been changed had practically white crusts, exhibiting 
“no browning in the oven, altho the control loaves browned to an un- 
usual extent. The addition of diastase did not alter this condition. 

We have found in other experiments that the viscosity of a flour- 
in-water suspension at a pH of 11.0 decreases fairly rapidly with time 
of standing. Keeping a dough at a pH of 11.0 for 30 minutes may per- 
mit the alkali to exert its peptizing action on the gluten and thus destroy 
the colloidal properties which give the flour its desirable baking quali- 
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ties. A flour-in-water suspension kept at a pH of 3.0 for one hour 
shows no appreciable change in viscosity due to standing, nevertheless 
a dough held at this hydrogen-ion concentration for 30 minutes lost its 
baking strength.” At this hydrogen-ion concentration the gluten may 
have undergone changes of a nature similar to solution which would 
result in a decided change in its colloidal properties. 


EFFECT OF TREATMENT WITH ALCOHOL ON COLLOIDAL 
CONDITION OF THE GLUTEN AS REFLECTED IN 
LOAF VOLUME 


Gliadin has been universally regarded as an important factor in 
flour strength because whenever the gliadin has been removed from 
flour by extraction with alcohol and the resulting residue dried and 
remilled, the flour so obtained was found to have lost the capacity 
“for producing a bold, large-volumed, well-risen loaf.” 

Snyder (1897), Voorhees (1900), and Olson (1917) all demon- 
strated the loss in baking strength due to the removal of gliadin from 
the flour, but apparently no one of these observers tried the experiment 
of treating flour with alcohol and then drying, remilling, and baking the 
flour without removing the alcohol-soluble protein. Kosutany (1903) 
was able to obtain only 5.5 per cent of wet gluten of very poor quality 
from flour which had' been simply treated with alcohol and then redried. 
The effect of alcohol on the colloidal properties of the glutenin as 
shown by the viscosity studies (cf. Tables XX and XXI) suggested 
the following experiment : 

Doughs were prepared using 70 per cent and, in two instances, 95 
per cent ethyl alcohol, 60 cc. of alcohol being added per 100 grams of 
flour. The doughs so prepared were crumbly and not coherent. As 
soon as the doughs were made, they were crumbled and placed on 
large glass plates. A current of air.was blown over the material with 
an electric fan and it was continuously crumbled and stirred. The flour 
was to all appearances dry within an hour, the drying taking place at 
a temperature not exceeding 25° C. The material so obtained was 
remilled in an experimental flour mill and baked. Check samples of 
normal untreated flour were baked at the same time. The experiment 
was carried out with the patent flour used in the experiments reported 
in Table XXIII and with samples of both durum and rye flours. The 
rye flour contains no protein which responds in any appreciable degree 
to the imbibitional effect of acids, and it was chosen becatse it was 
believed that if flour strength was associated with the colloidal condi- 
tion of the glutenin, treatment with alcohol would not affect the baking 
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| qualities of the rye flour to an appreciable extent. The results obtained 
are given in Table XXIV. Photographs of the resulting loaves are 


shown in Plates I and II. 


Plate x1. Effect of Alcohol Treatment on Baking Qualities of Wheat Flour (See Table XXIV.) 
A. Check, normal flour. 
B. Flour doughed 95% alcohol, dried, remilled, and baked. 
C. Flour doughed 70% alcohol, dried, remilled, baked. 


TABLE XXIV 


Errect oN BAkInG STRENGTH OF FLOUR oF PREPARING DouGus witir ALcoHoL, IMMEDIATELY 
Dryine at 25°C., REMILLING, AND BAKING 


The controls in each case were normal, untreated flours* 


Conc. of Loaf 
alcohol, Diastase volume, Absorption, 
Kind of flour per cent added ec, per cent 

Par Whitectiour:control +i... 2... +s a No 1425 56.8 
Be White’ flour control -...../...... eA Yes 1390 Bee 
VVNGECIOHOUE te Graciela sess Baie o5 No 1170 59.2 
MPRA WVIAICCUMOUE Mei. csi cece sey cise s 3 - 95 Yes . #1230) 60.3 
White flour .. 70 No 1235 60.6 
White flour ..... 70 Yes 1190 S 8 
Durum control No 1605 58.6 
GaN CONtrOl! Wer sees evs ay aM Yes IS15 58.1 
Re NAITU NIG it ts ielols s\as0'5 9 t «2 \0 «\a 2 's'a'e A 70 No 1280 66.9: 
LAGS Og ec eee eee _70 Yes 1205 66.9: 
eed ye (Control)... +: Ppa eis oheve.s:6 mae No TI45 52.0 
PERE SCUCODET OM s fapis'eje. Fs:cla/diereid.s os n Se Yes 1160 52.0 
DRS Cam ER fats cialarv Severe aie oSeagne 70 No 1310 55-4 
PRY OMe) fave) chelate! og5 538 10's Lot ACE 5 70 Yes 1300 55.4 


: -“paxeq pue ‘perprmer “patap ‘“Touooye o£ paysnop ey ‘Cd “payeq pure ‘payjimes ‘parip ‘joyooye %o4 peysnop wining “qf = 
“yoeq e4Y “D ? ‘snog wminp ‘Jeol y2q) “VW oe? 
: : (eIep 10} AIX MIL 2S) Ino1s aky gale ; . 
poisezju0D Se Imojy yay wNInd FO soryenO Buyeg uo uous, [oyooTY Fo WPA “IT eld 
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Fermentation progressed at an apparently normal rate in the doughs 
which had been previously treated with alcohol, altho after the first 


‘punch they did not rise as high as the controls. The alcohol-treated 


patent flour and durum flour doughs were hard to handle; they were 
short and puttylike and broke in the kneading process. Of the rye 
flour doughs, no difference could be detected) between the control 
doughs and those made from alcohol-treated flour. 

Small open craters were formed toward the end of the fermentation 
of the alcohol-treated doughs, owing to the loss of carbon dioxide 
through the surface of the fermenting mass. These craters did not 
close after forming, and the surface of the doughs looked as if per- 
forated with a blunt instrument. 

These experiments are taken as rather definite proof that the col- 
loidal properties of the gluten are extremely important in the baking 
quality of a flour. In these experiments no material was removed from 
the flour, the flour was left in its original condition as nearly as pos- 
sible with the exception of changes in its colloidal properties. The 
amount and relative proportions of the various components are ap- 


_ parently not disturbed. ‘The effect of alcohol was not due to solution 


of the gliadin, as is shown by the fact that the same deleterious results 
were produced’ by 95 per cent alcohol, in which concentration of alco- 
hol gliadin is insoluble. The results obtained in the viscosity experi- 
ments indicate that tlie effect of alcohol may be attributed to change in 
the colloidal condition of the glutenin. 


DISCUSSION 
METHODS AND’ GENERAL OBSERVATIONS 


The method adopted in this investigation for the study of the imbi- 
bitional power of the proteins in wheat flour was to measure the vis- 
cosity of flour-in-water suspensions, and the changes in viscosity pro- 
duced by various treatments. 

At the beginning of the investigation it was found that the viscosity 
of such suspensions was very sensitive to mechanical treatment, the 
mere repeating of the viscosity determination with the same sample 
time after time causing a marked decrease in its viscosity. While this 
behavior was in agreement with the findings of numerous other inves- 
tigators, it rendered the investigation more difficult and probably 


influenced to some extent the accuracy of the results. The viscosity 


of the suspensions was found to change with time of standing, this 


being especially noticeable in cases in which the suspension had been 


treated with acids or alkalies. In an effort to minimize the effect of 


these factors, the time and mechanical treatment procedures were 
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standardized as much as possible. The Ostwald viscosimeter did not 
lend itself readily to such standardization and was therefore aban- 
doned. It would be interesting, however, to study the effect of various 
pressures on the viscosity of flour-in-water mixtures as shown by a 
capillary viscosimeter, as the rate of shear was found to have a marked 
effect on the results obtained. A study of this factor might throw some 
light on the problem. 

The ease of manipulation and the speed with which determinations 
could be carried out, together with the comparative accuracy with 
which duplicate determinations could be made, as shown in Table IV, 
led to the use of a MacMichael viscosimeter for the main part of this 
work. Because of mechanical construction of the viscosimeter and 
the effect of different rates of shear on the viscosity readings, the re- 
sults obtained are only comparative. As the instrument was so con- 
structed that the different parts of the liquid were subjected to differ- 
ent rates of shear, no study of the effect of rate of shear on viscosity 
of the flour-in-water suspensions would be valid. The results are all 
expressed in terms of degrees MacMichael because the attempt at ex- 
pressing them in terms of absolute viscosity would only be misleading, 
and for that reason no attempt was made to standardize the wire used 
except to give an approximate idea of the magnitude of the readings 
in absolute units. 

Some might question the value of such extended determinations 
on the same flours because flutirs are known to change markedly in 
baking strength with age. The investigations on these flours were not 
begun until about six months after the flours had been milled. They 
were baked at intervals extending over a year. The flour was stored 
in sealed containers in a cold storage plant at a temperature of about 
3° C. The imbibitional powers of the hand-washed crude gluten ob- 
tained from flours B-780 and B-783, as measured by increase in weight 
of discs in the presence of various concentrations of lactic acid, did 
not change after being kept in storage for two years. The deter- 
mination was carried out at the beginning and the end of the work 
with flours B-780 and B-783. For these'reasons it is believed that 
no significant error due to changes in the flour during the progress 
of these experiments was introduced. It was believed that the inves- 
tigation would yield more profitable. results if a few flours were 
studied from as many angles as possible rather than fresh flours for 
each point investigated. 
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VISCOSITY OF ORIGINAL FLOUR-IN-WATER SUSPENSIONS AS 
AFFECTED BY VARIOUS AMOUNTS OF DIFFERENT ACIDS 


In this investigation the viscosity as affected by a series of nor- 


mal acids was studied to see if the various acids behaved alike with 
the different flours. For this study flours B-780 and B-783 were 
used, the same that were used in the earlier study by Sharp and 
Gortner (1922). 

YVable II shows that the increase in viscosity of flour B-780 begins 
with smaller additions of acid than with B-783. This same effect was 
observed with all the acids studied in Table III but it was considered 
sufficient to give only a few examples. As a partial explanation of this 
difference between the two flours, it should be noted that flour B-780 
had an ash content of 0.44 per cent and flour B-783 an ash content 
of 0.53 per cent. In view of the work of Bailey and Peterson (1921) 
it would be expected that the addition of the same amount of acid 
to the two flours would cause a greater change in hydrogen-ion. con- 
centration in flour B-780 than in flour B-783. The results presented 
in Table III show that this is indeed the case. 

The results obtained with the various acids are expressed graphi- 
cally, using in the first instance the cubic centimeters of normal acid 
added as abscissa (see Figs. 1 and 2) and in the second instance the 


pH of the various acid solutions as abscissa (see Figs. 3 and 4). The - 


viscosity in degrees MacMichael is used as ordinates in each case. 
The results are plotted on the different bases in order to show how 
easy it is to overlook a really fundamental similarity in the behavior 
of the various acids. 

Figures 3 and 4 show clearly that the greatest imbibitional effect 
which a given acid will produce occurs at practically the same hydro- 
gen-ion concentration regardless of the nature of the acid. This 
hydrogen-ion concentration appears to be approximately at pH 3.0 for 
the flour proteins and to be the same within experimental error for 
the two flours. 

That the two flours seem to respond differently to different rates 
of shear, is shown by a comparison of the values obtained with lactic 
acid as shown in Tables III and V when different wires were used 
in the viscosimeter. ; 

If the points of maximum viscosity produced by the various Pee 
with the two flours are compared, it will be noticed that the order of 
the acids is different in the two flours. Sulfuric acid produces only 
slight imbibition in the case of flour B-780 and no imbibition in the 
case of flour B-783. Trichlor acetic acid produces appreciable imbi- 
bition with flour B-780 and practically no imbibition with flour B-783. 


* “ 
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Meta-phosphoric acid produces no imbibition with either flour. This 
failure to cause the imbibition of the proteins of the flour is undoubt- 
edly connected with the behavior of these acids as protein precipi- 
tants. The experiments with flour proteins would indicate that 


meta-phosphoric acid would be the most ‘efficient protein precipitant 
of the acids studied. 


EFFECT OF ADDED SALTS ON IMBIBITION PRODUCED BY 
FACT AGhY 


In these experiments the water with which the flour was treated 
was made 0.01 normal with respect to several salts and the effect of 
lactic acid on imbibition was measured by the viscosity method. In 
the case of dibasic potassium phosphate the concentration used was 
0.005 molar. The results are given in Tables VI and VII and are 
expressed graphically in Figure 5. It was found that magnesium, potas- 
sium, and sodium chlorides, and dibasic potassium phosphate all produced 
about the same decrease in viscosity, both flours behaving similarly in this 
respect. Magnesium sulfate, potassium sulfate, and calcium chloride 
were found to decrease the viscosity still more, all three salts decreas- 
ing it to about the same extent. The two flours behaved alike in this 
regard. In the case of the last three salts the beginning of the increase 
in. viscosity is delayed. This is also true with the dibasic potassium 
phosphate. The effects: of these salts fall in very sharply defined 
groups. The groups are not determined by the valency of the ions, 
for magnesium chloride falls in the upper group while calcium chloride 


falls in the lower one. Dibasic potassium phosphate falls in the upper — 


group and magnesium sulfate and potassium sulfate fall in the lower 


group in spite of the fact that dibasic potassium phosphate is present 
in slightly greater amount. Potassium and sodium chloride both fall 
in the same group, the results agreeing with each other within experi- 
mental error. : 


EFRECT -OF ELECTROLYTES PRESENT IN THE. ORIGUINASS 
FLOUR ON VISCOSITY 


; . 

It is known that the water extract from wheat flour contains a 
certain amount of dissolved electrolytes, and it would be expected 
that they would exert some effect in decreasing the viscosity of the 
flour-in-water mixture. It has been shown by Bailey and Collatz 
(1921) that the soluble electrolyte content of a water extract of wheat 
flour, as measured by conductivity, was related to the ash content of 
the flour, so the viscosity of a low-grade flour should be depressed 
more than that of a high-grade flour, owing to the difference in soluble 
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| electrolytes contributed to the extract by the flour itself. Thus the 


true imbibitional strength of the proteins present would be somewhat 
masked by the ash content, and flours of different grades contributing 
different amounts of salts should not be expected to respond alike. 

In order to investigate this point, two flours of widely different 
ash content were chosen. It was found that extracting 18 grams of 
the flour with one liter of water and centrifuging and discarding the 
supernatant liquid and then making the residue up to a total volume of 
100 cc., increased the viscosity of a flour with a high ash content from 


75 to 329 degrees MacMichael, while a flour with a relatively lower 


ash content increased from 393 to 502 degrees. This confirmed the sup- 
position that the difference in soluble salts of the different flours was 
changing the order of their relative viscosities. A second extraction with 
one liter of water was not found to affect the viscosity appreciably. 
This treatment with one liter of water was found to reduce the salt 
content as shown by conductivity determinations, to at least one- 
fifteenth its original value. The subsequent extraction with one liter 
of water was found to reduce the content slightly further. It was 
thought, therefore, that this treatment lowered the electrolyte content 
to a level where it would not affect the results. 


PREECL OF VARIOUS ACIDS ON VISCOSITY OF EXTRACTED 
FLOURS 


In view of the demonstrated effect of the soluble salts, the viscosity 
determinations were repeated with the various acids on the same flours, 
B-780 and B-783, after they had been extracted with one liter of 
water. The results are given in Table IX and Figures 6 and 7. The 
effect of removing the soluble salts seemed to be to increase the vis- 
cosity of B-783 more than that of B-780 and this is just what was 
expected from the ash content. The acids seemed to behave more 
nearly alike with the two different flours after the removal of the sol- 
uble materials. In order to bring out more clearly the effect of removing 
the soluble materials, the acids are grouped in Table XXV in order of 
their power to increase the viscosity of the flour suspension. The table 
gives the order with flours B-780 and B-783 both with and without 


the soluble materials. In order to show how the effects of the different 
-acids on the two flours become more nearly alike after the removal of 
the extract, the maximum points obtained with the various acids are 
grouped together in Table XXVI, which also gives the ratios of the 


maximum viscosities as a means of comparison of the two flours. It 
is seen that in the extracted flours the ratio is more or less constant, 
while-in the unextracted flour it varies considerably. The optimum 
pH for imbibition in the extracted flours seemed to be slightly on the 
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TABLE XXV 
Ion SEr1ES AT Maximum ViscosiTy FoR Fiours B-780 AND B-783, as SHOWN BY VISCOSITY 
DETERMINATIONS WITH Various ACIDS, WITH AND WITHOUT 
REMOVAL OF WATER-SOLUBLE ExTRACT 
Columns begin with the acid showing greatest increase in viscosity. Acids producing 
approximately the same increase are placed in groups. 


Soluble extract’ present Soluble extract removed 
B-780 B-783 B-780 B-783 
Oxalic HsPO, HgPO, HsPO, 
Tartaric | 
H3PO,4 HsPO3 ‘HCI HCl 
HsPOz3 Lactic HBr HzgPOz3 
HNO; 
CHsCICOOH HCl | HNO; 
Lactic CH.CICOOH | Lactic 
CH.CICOOH |HsPO, CH.CICOOH 
HCl CHz;COOH 
 |Partaric Citric 
Citric Oxalic . Citric Oxalic 
|Lactic Tartaric 
CHsCOOH CH;COOH |\CHClCOOH 
Citric CH;COOH . 
HNO; Oxalic 
HNO; |Tartaric HeSO, 
CClsCOOH 
CClsCOOH iCCl,COOH | 
HeSO, | | 
HeSO. |HeSO4 
HPO; ° 
HPO; HPOs 
TABLE XXVI 


Maximum Viscosity, IN Decrees MacMicnwarLt, PropuceD WwiTH Various AcIDS AND 
ALKALIEs UsinG Fiours B-780 anp B-783 BotH wITH AND WITHOUT 
REMOVAL OF SOLUBLE EXTRACT 


The ratio of the maximum yiscosity produced with the same acid on the two different 
flours is also shown. 


Viscosity salts present Viscosity salts removed 
_* 
B-780 B-780 
Acid B-780 B-783 B-780 B-783 
B-783 B-783 . 
M° M° ratio M° M° ratio 
Hydrochloric 273 128 2.14 389 258 I.51 
Lactic 280 140 2,00 ‘| 322 234 1.38 
Tartaric 332 118 2.81 305 211 1.45 
Oxalic 337 113 2.98 310 211 1.47 
Sulfuric 98 33 2.97 III 81 1637 
Acetic Biron ai 105 2.06 , 333 203 1.64 
Nitric 195 66 2.96 373 234 1.59 
Citric 247 103 2.40 322 213 1.51 
H3PO4 332 163 2.04 401 267 1.54 
HsPOs3 332 160 2.08 339 240 1.41 
CH,CICOOH 311 130 2.39 340 230 1.48 
CCls;COOH 147 41 3.58 Grate arate aes 
NaOH 625 342 1.83 387 194 T99'e 4 


Ba(OH)s 185 140 1.32 73 43 1.70 
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alkaline side of pH 3.0. While in many ways the behavior of the differ- 
ent acids appears to be similar, the curves show differences which are 
still much greater than the experimental errors of the method. It is 
noted that the freshly prepared meta-phosphoric acid produces no im- 
bibition. This indicates its efficiency as a protein precipitant. The 
change of meta-phosphoric acid to ortho-phosphoric acid is shown by 
the effect produced by the acid solution that stood for several months. 


EFRFECT OF SODIUM AND BARIUM HYDROXIDE ON VISCOSITY 
OF FLOUR SUSPENSIONS 


Barium hydroxide has relatively less effect on the viscosity of the 
flour suspensions than has sodium hydroxide. This agrees with the 
findings of Loeb (1921a) and Zoller (1921) for other proteins. Luers 
(1919) found that barium and sodium hydroxide increased the vis- 
cosity of gliadin solution to practically the same extent. The salts 
present in the flour repress imbibition in alkalies only to a slight extent, 
but they exert a marked depressing effect on imbibition in acids, as 
shown in Figures 8 and g. ‘The point of maximum viscosity is reached 
with the two flours at a pH of approximately 11.0, using sodium 
hydroxide, and at a pH a little higher using barium hydroxide. It was 
noticed that if the flour in the alkali was kept at its highest point of 
imbibition for some time, the viscosity decreased with time without the 
addition of further amounts of alkali. The results obtained with 
hydrochloric and sulfuric acids are plotted in the same figures to show 
the effect of a wide range of pH. 

The effect of lactic acid on the viscosity of a series of flours was 
studied in order to see whether or not the viscosity values could be 
correlated with the baking data. The results showing the maximum 
viscosity with the extract both present and removed are given in Table 
XII. Several correlations were made, indicating what appeared to be 
a relation between the loaf volume, the protein content, and the vis- 
cosity values with the extract removed. There were several excep- 
tions, however, indicating that some other factor which had not been 
taken into account was affecting the results. 


EFFECT OF CONCENTRATION ON VISCOSITY 


This point was investigated to see whether or not the order of the 
relative viscosities of the various flours would remain the same if the 
viscosity effects were measured at different concentrations. The re- 
sults (Tables XIII and XV) show that concentration does affect the 
results. It is shown that the effect of concentration on viscosity can 
be expressed by the equation 

log. viscosity—=a--b log. concentration 
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It was found that the constant b, which is the tangent of the angle 
made by the logarithmic curve with the axis of abscissa, varied with 
the different flours. Apparently the value of the constant b expressed 
more nearly the imbibitional strength of the various flours. The val- 
ues for the constant a were found to vary markedly when the concen- 
tration was calculated on the basis of grams of flour per 100 cc. If 
the concentration of the protein content was used the values for a 
more nearly approach each other, while if the concentration was ex- 
pressed as glutenin the values for a show still greater agreement. The 
values obtained for these constants are given in Tables XIV and XVI. 
The values for the constants of the curve were determined by the 
method of least squares. The value of b was also obtained by the 
graphical method. 


PROTEIN FRACTIONS IN VARIOUS FLOURS 


Gliadin is reputed to have but a slight solubility in distilled water. 
However, the amount of gliadin removed by water during the extrac- 
tion of the electrolytes was determined and found to be very appreci- 
able. The results, shown in Table XIX, indicate that it is the alcohol- 
soluble protein which is removed, for the total amount of protein 
removed by the water and the subsequent alcohol treatment is only 
slightly greater than'the amount of protein removed by direct treat- 


ment with alcohol, i.e., 9.33 and 9.04 per cent, respectively. That it | 


is the alcohol-soluble protein which is removed is indicated by the 
difference in amounts of protein removed from the 18- and 9-gram 
samples. More protein was removed by the water treatment and less 
with the alcohol treatment from the 9-gram sample than from the 
18-gram sample. 

The results given in Table XX seem to indicate that most of the 
alcohol-soluble protein can be removed by extraction. with water, and 
that the greatest amount 1s removed in the first four extractions. In 
this case the treatment with water and alcohol removed more than 10 
per cent of protein, probably including some glutenin. This is highly 
probable as the material was extracted with water by decantation and 
some of the glutenin particles might easily have remained in suspen- 
sion and have been carried over with the decanted liquid, as it was not 
filtered. . 


Other observations during the progress of the work indicated that ~~ 


the glutenin is mainly responsible for the imbibitional powers of the 


proteins of the flour and gluten. This supposition was confirmed by 
the viscosity determination on the flour from which the gliadin had 
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. eet extracted. This material always showed a viscosity of the same 
order of magnitude as the original flour. The viscosity readings were 
always considerably lower in the flour from which the gliadin had 
been extracted by treatment with water followed by alcohol than in 
material that had not been treated with alcohol. This last treatment 
with alcohol removed only the small part of the alcohol-soluble protein 
| which had not been removed by water. Thus alcohol shows a marked 
| effect on the viscosity, either by the removal of this last small amount 
| of alcohol-soluble protein or, which seems more probable, by the 
denaturization of the glutenin, it being well known that alcohol coagu- 
lates certain proteins. This latter explanation would be more in agree- 
ment with the findings of Sharp and Gortner (1922), who dried crude 
gluten at a temperature below 50° C. and found that the colloidal 
properties of the material were markedly altered. 

The effect of lactic acid on the viscosity of flour-water suspensions 
which had been extracted several times with 500 cc. of distilled water 
was enormous (Table XXI and Fig. 12). The addition of only 0.10 
cc. of normal lactic acid was sufficient to increase the viscosity over 
ninety times its original value. This material, which had reached its 
maximum point of imbibition by treatment with lactic acid, was very 
sensitive to the addition of salts, the value decreasing nearly two- 
thirds on the addition of 0.10 cc. of magnesium sulfate. Magnesium 
chloride was not so effective in this respect. Another interesting point 
is that the viscosity obtained was much greater than when the extrac- 
tion was made with only one liter of water, which gave a value of 258° 
M., thus indicating that the effect of the electrolytes of the flour had 
probably not been entirely eliminated by a single extraction with one liter 
of water. 

Because these experiments seem to show that the glutenin is mainly 
responsible for the imbibitional powers of the flour, the attempt was 
made to determine the relative amounts of the various proteins in the 
flours investigated. It was found that centrifuging the 5 per cent 
potassium sulfate-soluble extract before filtration apparently in- 
creased the amount of protein removed in this fraction. It was found. 

that the direct treatment with 70 per cent alcohol removed about the 
same amount of protein as extracting first with 5 per cent potassium 
sulfate and then with 70 per cent alcohol.. It was believed that the 
glutenin content would be indicated more accurately by subtracting 
from the total crude protein the sum of the protein extracted with 

| potassium sulfate and that extracted subsequently with 70 per cent 
alcohol. 
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| RELATION OF VISCOSITY, GLUTENIN CONTENT, AND 
LOAF VOLUME 


It has been shown in Figures 10 and 11 that the logarithmic curves 
do not all lie at the same angle with respect to the axis of abscissa, 
that is, the viscosity increases more rapidly with concentration in some 
cases than in others. It is probable that the tangent of the angle of 
this curve made with the abscissa represents more accurately than 
any other value thus far obtained, the imbibitional strength of the 
colloidal protein of the wheat. If the tangent of this angle is small, 
the colloidal properties will be less marked; on the other hand, if the 
tangent of the angle has a large value, the colloidal properties will be 
very pronounced. The constant b in the equation 

log. viscosity = a+ b (log. concentration ) 
represents the tangent of this angle. 

Bearing in mind that the tangent b of the angle thus obtained might 
be considered as the value indicating most accurately the colloidal 
strength of the flour, and that the imbibition of flour as affected by 
acids is due mainly to the glutenin, it should be expected that a relation- 
ship might exist between these two factors. Thus the colloidal strength 
of the flour would be the product of the quality factor as indicated 
by the constant b in the logarithmic equation, and the quantity factor 


_ as indicated by the quantity of glutenin present in the flour. In order 


to see if this product was actually related to the baking strength of 
the flour as indicated by loaf volume, the former was divided by the 
latter. The results of this calculation are given in Table XXVII. 

- Suspensions of various concentrations of flour untreated with acids 
would doubtless follow the logarithmic relationship and would probably 
give an angle somewhat similar to the ones obtained in Figures 1o and 
11. Unfortunately, the supply of flours used became exhausted, 
so it was impossible to compare the curves produced with the untreated 
flours with those given in Figures 10 and 11. The attempt was made 
to introduce the relationship between the initial viscosity reading of 
the flour-in-water suspension and the maximum reading after treat- 
ment with lactic acid, but the initial reading was so low that it could 
be determined only approximately with the viscosimeter set for the 
higher readings, the experimental error being in some cases about 


50 per cent. It would seem desirable to investigate this point under 


} 


! 


conditions in which the lower readings could be determined with suffi- 


_ cient accuracy to subject this relationship to a more exact quantitative 


_ study. Likewise the subtraction of the initial value from the maximum 


value was tried but in some cases this produced relatively large values 


_ for the constant b, because some of the flours with low baking strerigth 


| 
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yielded simple flour-in-water suspensions which gave relatively high 
readings; and altho these suspensions increased only slightly in vis- 
cosity on the addition of acids, subtracting the initial value from the 
final value and plotting this difference gave relatively large values for 
the constant D. : = 
The values for the constant b are higher for the series with the 
electrolytes present than for the series with the electrolytes removed. 
The wires used in the two series both gave a reading of 29.2° M. 


with a 60 per cent sucrose solution whose absolute viscosity is 43.86 — 


centipoise at 25° C., the temperature at which all observations were 
made. Unfortunately, the wire of the viscosimeter broke after one 


series had been completed and a new wire was used for the other 


series. The breaking of the wire was a great misfortune, because it 
leaves the question of the effect of the salts present in the original 


flour, on the slope of the curve, still unanswered... The results do_ 


show, however, that the salts present-in the flour exert an effect 
which differs in different flours, indicating that the electrolytes present 
in the various flours are different. This is also shown in Figures 3 
and 4 and may be the explanation for the different order of the acids 
when arranged in the order of their power to produce maximum imbi- 
bition. The order of the acids was found to be more nearly the same 
when the electrolytes were removed. See Figures 6 and 7. The effect 
of the actual quantity of supposedly the same electrolytes from the 
same wheat is shown in a comparison of the patent and clear flours 
from the same wheat in Table XXVIII. 


TABLE XXVIII 


RELATION BETWEEN PATENT AND CLEAR FLours MILLED FRoM THE SAME WHEAT AND .THE 
Constant b oF THE LOGARITHMIC EQUATION 


Constant b, Constant b, } 

Lab. No. electrolytes present electroly tes removed Flour grade 

IOOI 3:705 ; TA BeO28 : Patent 

1002 2,689 2.926 First clear 

1005 2.766 2.666 Patent 

1004 2.829 2.552 Second clear 

1006 2.996 2.610 Patent 

1007 2.820 2.568 First clear 


The greatest deviation between the constants b is shown when — 
the electrolytes were present. Patent flour 1001 gave a constant of — 


3.705 and clear flour from the same wheat, 1002, gave a constant 
of 2.689. In the other two cases the agreement is better. When the 


electrolytes were removed, the patent flour in each case gave a slightly 


higher constant than the clear flour, indicating that the protein in the — 


, 
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ipatent flour was of only slightly better quality than the protein in the 
clear flour. This agreement is also an indication that the influence 
of the electrolytes present in the flour was largely eliminated, so far 
as their effect on the evaluation of the imbibitional properties of the 
gluten was concerned, by the method of leaching used for their removal. 
The constant K, obtained by dividing the product of the glutenin 
concentration and the constant b, by the loaf volume, shows consider- 
able fluctuation in the series with the electrolytes present. When the 
electrolytes are removed we find the constants apparently fall into 
three groups. With the exception of flour 1o1o0, the first group con- 
tains patent or straight flours which would be used for bread making; 
the second group contains flours which if used by themselves would 
be considered pastry flours and would be used commercially for bread 
making only when blended with other flours of considerable baking 
strength; the third group contains the clear flours. The average of 
the constants K in the first group is 0.00829, the average deviation 
from this value is 1.99 per cent, and the maximum deviation is 4.1 
per cent. The average in the second group is 0.00661, while the aver- 
age and maximum deviation is 3.93 per cent. The average in the third 
group is 0.01080, the average deviation is 2.91 per cent, and the maxi- 
mum deviation is 4.41 per cent. The greatest experimental error is 
believed to be in the determination of the glutenin content of the 
flours. These results indicate a rather definite relation between the 
}  glutenin content, the increased concentration effect of imbibition pro- 
duced by lactic acid, and the loaf volume. It is generally accepted 
_ that the actual volume of the loaf obtained depends on many factors, 
' and it could hardly be expected that the measurement of one factor 
_ would determine the loaf volume. These results indicate that within 
each group there is a definite relation between the glutenin content, 
} the quality content b, and the loaf volume. The groups of different 
_ constants are probably produced by other factors. \ Just what these 
_ other factors are has not been determined, other than the relation ex- 
pressed in Table XXVII between the class and grade of wheat and 
the grade of flour. Some correlations which might be drawn front 
the work carried out by Rumsey (1922) and Collatz (1922) using 
these same flours might be mentioned here, more in the way of dis- 
cussion than of definite conclusions. Collatz found that by the addition, 
malt flour or extracts.the loaf volume of flours 1002 and r1oo7 
could be increased about 16 per cent. Increasing the loaf volumes used 
r these flours in Table XXVII by 16 per cent we obtain the con- 
stant 0.00833 for flour 1002 and 0.00922 for flour 1007. The volume 
of flour. IOOI was increased 10 per cent, which gives a constant of 
00779 instead of 0.00857. Flour 1008 showed no increase in volume 
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on the addition of malt flour or extract. Flour 1003 showed an 
increase of 12 per cent which changes the constant to 0.00566. It is 
undoubtedly unfair to take the increase of this flour as 12 per cent, 
for this great increase occurred with only one loaf and was apparently 
too high. Rumsey (1922) has shown: that flour 1004 has about the 
same diastatic power as flours 1002 and 1007. It is probable that an 
increase in volume might have been obtained with this flour by the 
addition of diastase. Table XXIX gives the relative diastatic powers 
of the flours as determined by Rumsey. The hydrogen-ion concentra- 
tion of the flour and the fermented dough at the time of going into 
the oven are taken from the paper by Collatz (1922). 


TABLE XXIX 
MattoseE Propucep 1n ONE Hour By 10 GRAMS oF f'LoUR IN 100 Cc. oF WATER AT 27°C.; 
THE PH VALUE OF A I TO 5 FLOUR-IN-WATER SUSPENSION, AND OF THE 
FERMENTED Doucu at Time oF Goinc INTO THE OVEN 


Maltose produced, Fermented 

Lab. No. mgms.* Flour, pH7 dough, pH7 
1009 211.8 nota RE 
1001 248.2 5.81 4-79 

1008 304.1 5.98 5.19(?) 
1005 131.9 5.84 5.17 
IOIO 92.6 ehefele Syaet 
1006 105.7 5.78 5.03 
IOII 51.7 6.15 4.92 
1003 34.8 6.00 5.05 
1002 BS aie 186.5 6.05 5.05 
1007 123.6 6.10 : 5.53 


1004 145.0 6.17 5.80 


* Determinations by Rumsey (1922). 
. + Determinations by Collatz (1922). 


Table XXIX shows that only two flours, namely, the clear flours 
1004 and 1007, did not reach approximately a pH of 5.0, which the 
work of Jessen-Hansen (1911) indicates to be the general optimum 
for bread making. Thus, one reason for the low volumes of these 
two flours may have been that the optimum hydrogen-ion concentra- 
tion had not been reached. The clear flour 1002 did reach this opti- 
mum, and making the correction for the increased volume produced 
by added diastase yields a constant which agrees with those in Group 
1. This indicates that the factor causing the low volume was insuf- 
ficient diastase and not the buffer effect due to grade. Flour 1007 was 
improved by added diastase, yet it still gives a constant which is too 
high for Group 1. It may be that the low loaf volume in this case 
is caused by two factors, namely, the low diastase content and the 
failure of the dough to reach the optimum hydrogen-ion concentration 
for bread baking, owing to its high buffer action. 
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| If we take the first group of flours for comparison, then the second 

group yields larger loaf volumes than their glutenin content and its 
imbibitional properties would indicate. No hypothesis will be ex- 
pressed as to the factors operative in the formation of Group 2. The 
flours in Group 2 are especially low in diastase. An increase in diastatic 
power would have a tendency to increase the loaf volume and yield a 
still lower constant. 

While eleven flours with such meager data are far too few upon 

' which to base definite conclusions, this work indicates that the glutenin 
content and its imbibitional properties may be used as a measure of 

one of the main factors concerned with baking strength. While the 
data presented here indicate three groups of flours as shown by the 
imbibitional studies, later work may show more than three groups. 
In the method used, all the factors which go to make up viscosity 
and plasticity were probably operative. 

Groh and Friedl (1914) found that the gliadins in wheat and rye 
flour were identical in physical properties. Liters and Ostwald (191g) 
found that the viscosity of wheat flour suspensions was increased by 
the addition of lactic acid, while the viscosity of rye flour suspensions 

_ remained unaffected. The experiments reported here indicate that the 
colloidal properties of glutenin, as shown by its imbibitional power 
as affected by acids and alkalies, constitute one of the factors con- 
i cerned in strength of flour. A comparison of the results reported 
| here with those of Liters and Ostwald would indicate that the glutenin 
a of rye flour is markedly different from the glutenin of wheat flour; 
and from the results of the studies on the viscosity of wheat gluten 
_ reported here, it would be expected that rye flour would behave as 
| an extremely weak flour. . 
Guthrie (1896) seems to be the first investigator who definitely 
attributes the strength of flour to the glutenin. Since the experiments 
eported in the present paper were completed, Woodman (1922) has 
‘reached the conclusion that the glutenin fraction is concerned in the 
problem of flour strength. Woodman extracted the proteins, gliadin 
and glutenin, from samples of strong (Canadian) and weak (English) 
ours and then followed the changes-in optical rotation of these pure 
roteins when they were racemized with dilute alkali at 37°. He 
oncludes that the gliadin fractions of both strong and weak flours are 
‘identical in physico-chemical behavior but that there is a marked dif- 
ference in the glutenins. He states, “The glutenines from the two 
types of flour have been shown to be two distinct substances, this con- 
usion being based on their different optical behavior during racemiza- 
n by dilute alkali. 
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“It is suggested that the existing ideas on flour strength require 
modification to include the facts recorded in this investigation. It is 
desirable to retain the dual conception of strength as put forward by 
Wood. The factor which determines the size of the loaf is most prob- 
ably connected with the diastatic capacity of the flour, as was suggested | 
by this investigator. On the other hand, the factor which determines 
the shape of the loaf and which appears to be directly related to the 
physical properties of the gluten of the flour, is possibly dependent 
on the particular glutenine mechanism possessed by the wheat. 

“The results of this investigation suggest that the strong wheat 
synthesizes one type of glutenine and the weak wheat a different type, 
whilst wheats of intermediate strength may contain varying proportions 
of the two glutenines.” 

It will be noted that these conclusions are very similar to our own, 
reached from an entirely different sort of evidence, and we regard 
Woodman’s work as strongly confirming the hypothesis that flour qual- 
ity is intimately associated with the glutenin fraction of the wheat 
proteins. 

While the present investigation indicates that the amount and col- 
loidal properties of the glutenin are important factors concerned with 
flour strength, more extensive investigations must be carried out before - 
final conclusions can be drawn. 


NATURE OF VISCOSITY CHANGES INDUCED BY, ADDITION OF 
ACIDS AND ALKALIES 


The viscosity curves shown in Figures 3, 4, 6, 7, 8, and g of the 
present paper are very similar in appearance to those’ which Loeb 
(1920a, 1920b, 1920c, 192I1a, 192Ib, 192Ic, 192Id, 192Ie, I92If, and 
1922) presents for gelatin, casein, etc. Loeb interprets his results as 
being due to stoichiometrical combination of the protein with the acids 
or bases followed by ionization of the protein salt and hydration of 
the protein-ion by osmotic phenomena governed by the Donnan (1gtr) 

equilibrium. In other words, Loeb apparently takes the view that 
imbibition changes in a protein system are due to chemical reactions, 
whereas the prevalent viewpoint of workers in the field of colloids is 
that they are due to surface phenomena. Certain of the experiments 
which we have reported appear to throw light upon these questions. 

The experiments reported in Tables XIX and XX show that gliadin 
is relatively soluble in distilled water and that the gliadin can be almost 
completely removed from wheat flour by leaching with water. It will 
be noted from Table XV that 18 grams of flour 1009, from which the 
soluble salts had been removed by leaching with one liter of water 
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_/' followed by 500 cc. of water, attained a maximum viscosity of 258° M. 
_ when treated with lactic acid. 

As shown in Table XIX, the same treatment followed by four 
extractions with alcohol gave viscosity readings of 191° M. and 195°M.; 
and (Table XX) sixteen extractions with 500 cc. distilled water fol- 
lowed by an extraction with alcohol gave a viscosity reading of 149° M. 

It might be argued from the above experiments that the alcohol 
removed some of the protein, which was responsible for the increase 
in viscosity produced by the addition of lactic acid. That this is not the 
case, however, is shown by Table X XI and Figure 12. In this instance 
18 grams of the same flour was leached with from 8 to 16 successive 
portions of 500 cc. each of distilled water, but the alcohol extraction 
was omitted and a maximum viscosity of 456° M. was attained. Ap- 
parently the alcohol treatment was responsible for the lower viscosities 
shown in Tables XIX and XX. 

This enormous increase in viscosity. from 4° M. to 456° M. was 
produced by the addition of 0.4 cc. of a normal.solution.of lactic acid, 
and an increase in viscosity from 4° M. to 365° M. was caused by even 
0.10 cc. of normal lactic acid. 

According to Loeb’s hypothesis, in order that viscosity changes 
may take place, there must first be a chemical combination of the acid 
with the protein, followed by the ionization of the protein salt and the 
subsequent hydration of the protein ion through osmotic behavior con- 
trolled by the Donnan equilibrium, It appears very improbable that 
— equilibrium would be reached practically instantaneously if osmotic 
phenomena are involved; nevertheless, equilibrium was reached prac- 
tically instantaneously (within 2 or 3 seconds) in our experiments. 
On the addition of 0.1 cc. of normal magnesium sulfate solution to 
_ such a ‘system, the viscosity fell practically instantaneously to a small 
_ fraction of its former value. Here again the rapidity of the changes 
is not suggestive of osmotic behavior. It appears far more probable 
that the reactions involved are due to surface phenomena, and the 
viscosity changes on the addition of acid and salt may be likened to 
the changes which take place when an electric current is passed 
_ through an electro-magnet suspended above a pile of iron filings and 
the current is later broken by throwing the switch. Apparently on 
the addition of the lactic acid a comparatively thick “shell” of water 
is bound upon the surface of the glutenin particle, only to be instantly 
released when the salt is added. If the water penetrated into the in- 
erior of the glutenin particle by osmosis, there should be a gradual 
Il in viscosity when dehydration takes place. It has been impossible 
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Again, if the view is correct that hydration of proteins is a phe-— 
nomenon controlled only by the hydrogen-ion concentration, it is impos- 
sible to understand why glutenin shows such marked imbibition changes 
in contrast to the behavior of the prolamine, gliadin, or why glutenin 
from a strong flour shows such marked differences in behavior from 
glutenin from a weak flour at the same hydrogen-ion concentration 
and salt content. In our experiments, hydrogen-ion concentration does ~ 
markedly influence imbibition ; nevertheless, the fact remains that “there 
is an inherent difference in the glutens from strong and weak flours. 
The physico-chemical properties of the glutens from the different flours 
are not identical and would not be identical even if the flour had origin- 
ally had the same acid (hydrogen-ion concentration) and salt content. 
The difference between a strong and a weak gluten is apparently that 
between a nearly perfect colloidal gel with highly pronounced physico- 
chemical properties, such as pertain to emulsoids, and that of a colloidal 
gel in which these properties are much less marked.” ‘These statements 
were made by Gortner and Doherty in 1918, and our present work seems 
to emphasize their findings. We have advanced the knowledge of the © 
flour strength problem so as to limit, apparently, the difference of col- 
loidal behavior to the glutenin fraciion of the flour proteins, but the 


difference in the glutenin is apparently due to its behavior as emulsoid © 


colloids. This is particularly apparent in the baking tests (Table XXIV, 
Plates 1 and 2) in which an alteration in the colloidal properties of the ~ 
glutenin ruined the baking valne of the flour. Other experiments; which © 
are now in progress point to the same conclusions. 


SUMMARY AND CONCLUSIONS 


Viscosity of flour-in-water suspensions was used as an easy, rapid, 7 
and accurate method for the investigation of the comparative imbibi- ~ 
tional properties of the flour proteins. Viscosity stiidies were made on © 
a series of wheat flours of various grades and baking strength in an 
effort to investigate the relation of the colloidal properties of wheat 
proteins to the strength of flour. 

Suspensions of flour in water are orem labile systems and are 
affected by the many factors which influence the viscosity of emulsoid 
colloids. 

Maximum viscosity produced by the various acids acting on wheat 
flours occurs at approximately the same hydrogen-ion concentration ~ 
regardless of the acid. The hydrogen-ion concentration for maximum — 
viscosity was found to be slightly higher than a pH of 3. The highest 4 
viscosity produced by the different acids occurs at practically the same — 
Peas fot -ion concentration with the different fore . 
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[ees : : shines 
{ Different acids apparently do not produce the same maximum imbi- 


_ ditional effect with wheat proteins. 


Materials extracted from flour by water influence the imbibitional 


_ power of the various acids in different degrees. The water extract 


from various flours differs in its effect on imbibition produced by dif- 
ferent acids. The series of acids arranged in the order of their ability 
to produce maximum viscosity is more nearly the same for the different 
flours after the removal of the soluble extract. 

Salts added to the flour-in-water suspension apparently divide them- 


. selves into sharply defined groups in respect to their ability to inhibit 
_ imbibition produced by lactic acid. These groups were found to be the 


same with the two flours investigated. 

Failure of some acids to produce imbibition is pr oo related to: 
their effect as protein precipitants. 

Viscosity in the presence of alkalies is not so markedly affected by 
the soluble materials present in the natural flour as in the presence of 


acids. The maximum viscosity produced by alkalies occurs at approxi- 


mately a pH of 11. 
Maximum viscosity and concentration of flour were found to con- 
form to the logarithmic expression, 
Log. of viscosity =a-+b (log. of concentration) 


~ in which the log. of viscosity is the logarithm of the maximum viscosity 


obtained with lactic acid. 
Repeated extraction of flour with distilled water removes practically 
all the alcohol-soluble proteins. The first extraction with water removes. 


| proportionately more than the subsequent extractions. 


Glutenin is the protein mainly responsible for the marked imbibi- 


f _ tional power of flour and gluten as influenced by acids and alkalies. 
_ The treatment of glutenin of flour with alcohol of a concentration of 70 
_ per cent or more, markedly affects the colloidal properties of the glu- 


-tenin as measured by viscosity. The imbibitional strength of the 


_ glutenin is probably represented most accurately by the constant b of 
_ the logarithmic expression noted above. 


These results seem to indicate that the glutenin content and its imbi- 
bitional properties should be taken into account in investigations of 


flour strength. - 


Doughs which have been brought to a pH of:3.0 or 11.0 by the addi-, 
ion of acid or alkali and then the acid or alkali neutralized, have lost 
heir baking strength. 

_ Flours that contain a protein which responds markedly to the 
reasing imbibitional effect of lactic acid lose their baking strength 
they are doughed up with 70 per cent or 95 per cent alcohol and 
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then dried. The fact that the baking strength of flour is lost by ex- 
traction of the flour with alcohol is not proof that the gliadin is the 
protein mainly concerned with flour strength. 

The viscosity determinations indicate that the effect of the alcohol 
is due mainly to changes produced in the colloidal properties of the 
glutenin. 


The earlier conclusion of Gortner and Doherty, that there is an 
inherent difference in the physico-chemical properties of the gluten 
from strong and weak flours and that these differences are due to the 
colloidal state of the gluten proteins, is confirmed. In addition, it has 
been shown that the differences in colloidal properties apparently reside 
in the protein, glutenin. 


LITERATURE CITED 
Alway, F. J., and Hartzell, S. 
(1909) On the strength of wheat flour. 23rd Ann. Rept. Nebr. Agr. Exp. Sta. 
p. 100-110. 
American Institute of Baking. 
(1922) The ideal loaf. Baking Technology. 1 :14-21, 42-44. 
Arpin, M. 
(1902) Dosage du gluten humide dans les farines. Ann. chim.-anal. chim. appl. 
7 3325-331, 376-381, 416-420. 
Arrhenius, S. 
(1916) Viskositat und Hydratation Kolloidaler Losungen. Medd. Vetens- 
kapsakad.» MIE Bd. 3, No. 13, S. 1-20. 
Bailey, C.-H. 
(1916) A method for the determination of the strength and baking qualities of 
wheat flours. Jour. Ind. and Eng. Chem. 8:53-57. 


(1920) A simple hydrogen electrode. eu Am. Chem. Soc, 42:45-48. 
and Blish, M. J. 
(1915) Concerning the identity of the proteins extracted from wheat flour 
by the usual solvents. ‘Jour. Biol. Chem. 23 :345-357. 
and Collatz, F. A. 
(1921) Studies of wheat flour grades. I. Electrical conductivity of water 
extracts. Jour. Ind. and Eng. Chem. 13 :319-321. 
and Peterson, Anna C. 
(1921) Studies of wheat flour grades. II. Buffer action of water extracts. 
Jour. Ind. and Eng. Chem. 13 :916-918. 
and Weigley, Mildred. 
(1922) Loss of carbon dioxide from dough as an index of flour strength. 
Jour. Ind. and Eng. Chem. 14 :147-150. 
Baker, J. L., and Hulton, H. F. E. 
(1908) Considerations affecting the “strength” of wheat flours. Jour. Soc. 
Chem. Ind. 27 :368-376. 
Balland, A. 
(1883) Mémoire sur les farines, II Expériences sur le gluten. J. pharm. 
chim. sér. 5. 8:433-440. 


VISCOSITY AS A MEASURE OF HYDRATION CAPACITY _ 105 


(1884) Altérations qu’ éprouvent les farines en vieillissant. Ann. chim. phys. 
Ser, 6,5 3533-557. 


(1893) Sur la préexistence du gluten dans le blé. Compt. rend. 116:202-204. 


(1896) Sur le dosage du gluten dans les farines. Compt. rend. 123 :136-137. 
Becarri. 

(1745) De Bononiensi Scientiarium et Artium Instituto atque Academia Com- 
mentarii 1745, II. part, I p. 122 Citation by T. B. Osborne. The pro- 
teins of the wheat kernel. Carnegie Institute of Washington. Pub. 
No, 84, p. 6 (Original not seen.) 

Bénard et Girardin, J. 

(1881) Sur le dosage du gluten dans les farines. J. pharm. chim. sér. 5, 4 :127- 

128. 
‘Berzelius, J. J. 

(1827) Ueber Pflanzenleim und Pflanzeneiweiss. Pogg. Ann. Physik, Chem. 

10 :247- 252. 
Biffin, R. H. 

(1905-6) Mendel’s laws of inheritance and wheat breeding. Jour. Agr. Sci. 

1 74-48. 


(1908-10) On the inheritance of strength in wheat. Jour. Agr. Sci. 3 :85-rot. 
Bingham, E. C. 
(1916) An a ecuieation of the laws of plastic flow. Bur. of Standards. Sci. 
Paper No. 278. 


(1922) Fluidity and plasticity. 440 pp. McGraw Hill Book Co. New York. 
and Durham, T. C. 

(1911) The viscosity and fluidity of suspensions of finely divided solids in 
liquids. Am. Chem. Jour. 46 :278-207. 
and Jackson, R. F. 

(1917) Standard substances for the calibration of viscometers. Bur. of Stand- 
ards Sci. Paper No. 208. 
und White, G. F. 

(1912) Fluiditat und die Hydrattheorie. I. Die Viskositat von Wasser. Z. Phys. 

ee _ Chem. 80 :670-686. 

 Blish, M. J. 

(1916) On the chemical constitution of the proteins of wheat flour and its 

. relationship to baking strength. Jour. Ind. and Eng. Chem. 8 :138-144. 

Bogue, R. H. } 

(1920) Properties and constitution of-glues and gelatines. I. Chem. Met. 
Eng. 23:5-12. 


(1921) The viscosity of gelatin sols. Jour. Am..Chem. Soc. 43:1764-1773. + 


(1849) Verfahren die relative Tauglichkeit des Weizenmehls zum Brotbocken 
} mittelst des Aleuronmeters zu bestimmen, eines von dem Backermeis- 

ter Boland in Paris erfundenen Instruments (aus dem Bulletin de la 

Société d’ Encouragement, Nov., 1848, p. 704). Dinglers, Polytech. Jour. 
SE 117-123: 


106 TECHNICAL BULLETIN 19 


Bose, E. 
(1911) Experimentalbeitrag zur Schwarmtheorie der anisotropen Flussigkeiten. 
Physik, Z. 12 :60-62. 
und Bose, M. 
(1911) Uber die Turbulenzreibung verschiedener Flussigkeiten. Physik. Z. 
12 :126-135. ; 
Boussingault. 
(1837) Untersuchung iiber den im Viehfutter enthaltenen Stickstoff und tiber 
die Aequivalenten des ersteren. Ann. 23 :72-78. 
Bremer, W. 
(1907) Hat der Gehalt des Weizenmehles an wasserléslichen Stickstoff einen 
Einfluss auf sinen Backwert. Z. Nahr. Genussm. 13 :69-74. 
Brenchley, W. E. 
(1909) On the strength and development of the grain of wheat (Triticum 
vulgare). Ann. Bot. 23 :117-130. 
Briggs, C. H. 
(1913) The significance of loaf volume. Northwestern Miller. 95 :79-80. 
Chamberlain, J. S. 
(1904) Determination of gliadin and glutenin in flour by the Fleurent-Manget 
method. U.S. Dept. of Agr. Bur. of Chem. Bul. No. 81, p. 118-125. 


(1906) Investigations on the properties of wheat proteins. Jour, Am. Chem. 
Soc. 28 :1657-1667. 
Chick, H. 
(1914) The viscosity of protein solutions. II. Pseudo globulin and euglobulin 
(horse). Biochem. Jour. 8:261-280. 
and Lubrzynska, E. 
(1914) The viscosity of some protein solutions. Biochem. Jour. 8:59-60. 
und Martin, C. J. 
(1912) Die Viskositat von Kasein-Solen. Kolloid Z. 11 :102-105. 
Chopin, M. 
(1921) Relations entre les propriétés méchaniques des pates de farine et la 
panification. Bull. Soc. Encour. Ind. Nat. 133 :261-273. 
Cohn, E. J., Cathcart, P. H., and Henderson, L. J. 
(1918) The measurement of the acidity of bread. Jour. Biol. Chem, 36 :581-586. 
and Henderson, L. J. ° i 
(1918) The physical chemistry of bread making. Science. 48 :501-505. 
, Wolbach, S. B., Henderson, L. J., and Cathcart, P. H. 
(1918) On the control of rope in bread. Jour. Gen. Physiol. 1 :221-230. 
Collatz, F. A. 
(1922) Flour strength as influenced by the addition of diastatic ferments. 
Am. Inst. Baking. Bul. No. 9. 
Couette, M. 
(1890) Etudes sur le frottement des liquids. Ann. chim. sér. 6, 12 :433-510- 
Coulomb. 


(1800) Expériences destinées 4 déterminer la coherence des fluides. Mem. 


de l’ Inst. National Tome 3, p. 261. Cited by Hagenbach. Pogg. Ann. 
Physik. Chem. Bd. 109, S., 385-426 (1860). (Original not seen.) 
Deeley, R, M. and.Parr, P. H. 
(1913) The viscosity of glacier ice. Phil. Mag. Ser. 6, 26 :85-r11. yt 


bet 
\ 


VISCOSITY AS A MEASURE OF HYDRATION CAPACITY 107 


| a 

B\ 

r) | De Saussure. 

(1833) ereisees J. 69, p. 188. Cited by Osborne, T. B. The proteins of 
the wheat kernel. Carnegie Inst. Wash. Pub. No. 84. (Original not 

= seen.) 

’ Dienes, L. 

(1911) Beobachtungen iiber die innere Reibung in kolloidalen und nicht 
kolloidalen Flissigkeiten. Biochem, Z. 33 :222-224. 


ie 


Donnan, F. G. 
(to11) Theorie der Membrangleichgewichte und Membran-potentiale bei Vor- 
ai - handensein von nicht dialysierenden Elektrolyten. Z. Elektrochem. 
ce 17 :572-581. ; 


and Allmand, A. ie 
(1914) Ionic equilibria across semi-permeable membranes. Jour. Chem. Soc. 
105 :1941-1963. 
: and Garner, W. E. 
(1919) Equilibria across a copper ferrocyanide and amyl alcohol membrane. 
i Jour. Chem. Soc. 115 :1313-1328. 
—_——— and Harris, A. B. 
(1911) The osmotic pressure and conductivity of aqueous solutions of congo- 
red and reversible membrane equilibria. Jour. Chem. Soc. 99 :1554-1577. 
Doolittle, O. S. 
(1893a) The torsion viscosimeter. Jour. Am. Chem. Soc, 15 :173-177. 


(1893b) Standardizing the torsion viscosimeter. Jour. Am. Chem. Soc. 
15 :454-450. 
Drew, E. R. 
J (1901) A determination of the viscosity of water. Phys. Rey. 12:114-120. 
Dutt, A. W. 
(1905) Poiseuille’s law at very low rates of shear. Phil. Mag. ser. 6, 
Bt 9 685-602. 
~ Dumas, J. und Cahours, A. 
: (1843) Ueber die neutralen stickstoffhaltigen Substanzen der organisirten 
Korper. Jour. prakt. Chem. 28:398-454. 
_ Eimer and Amend. 
The improved MacMichael viscosimeter. Eimer and Amend Bul. 
y, No. 20 
a _ Einhof, ile 
' _ (1805) Chemische Wilewive des Roggens. Jour. der Chemie von Gehlen Bd. 
; 5 S. 131, cited by Berzelius. Pogg. Ann. Physik. Chem. 10:247-252 
(1827). (Original not seen.) 
Einstein, A. 
(1906) Ein neue “Bestimmung der Molekiildimensionen. Ann, Physik. 4 
polet. 19 52097306. 


 (tor1) Bericktigung zu meiner Arbeit “Eine neue Bestimmung der Mole- 
f kiildimensionen.” Ann. Physik. 4 Folge. 34:591-592. 

| Fenyyessy, B. 
(1so11) Uber den Hiehuss einiger Meeeiieches Proteide ots den Weizen- 
-kleber. Z. Nahr. Genussm. 21 :658-662. 


108 TECHNICAL BULLETIN 19 


Fleurent, E. 
(1893) Récherches sur la constitution des matiéres albuminoids extraites de 


lorganisme végétal. Compt. rend. 117:790-793. - 


(1896a) Sur la composition immédiate du gluten des céréales. Compt. rend. 
123 3327-330. 4 


(1896b) Sur une méthode chemique d’appreciation de la valeur boulangeére 
des farines de blé.. Compt. rend. 123 :755-758. 


(1898a) Contribution a l’étude des matiéres albuminoides contenues dans les 
farines des légumineuses et des céréales. Comp. rend. 126:1374-1377. 


(1898b) Sur la répartition du gluten et de ses principes immédiats dans 
V’amande farineuse du grain de froment. Compt. rend. 126:1592-1595. 


(1901a) Sur la composition des blés durs et sur la constitution physique de 
leur gluten. Compt. rend. 133 :944-947. 


(1901b) Etude d’un densimétre destiné a la détermination de la valeur boulan- 
gére des farines de blé. Compt. rend. 132:1421-1423. 
(1903) Détermination de Ja valeur boulangére des farines de blé au moyen du 
gliadimétre. Ann. chim. anal. chim. appl. 8:6-9. 


(1905) Sur le dosage rationnel du gluten dans les farines de blé. Compt. 
rend, 140 :99-101. 
Ford, J. S. and Guthrie, J. M. 
(1908) The amylolytic and proteolytic ferments of wheaten flours, and their 
_ relation to “baking value.” Jour. Soc. Chem. Ind. 27 :389-303. 
Freundlich, H. and Ishizaka, C. 
(1913) The rate of coagulation of Al(OH), ‘sols as measured by viscosity 
changes. Trans. Faraday Soc. 9:66-79. 
Gill, A. H. 
(1910) Report of committee D, on standard tests for lubricants. Proc. Am. 
Soc. Testing Materials. 10:117-146. 
Glaser, H. 
(1907) Uber die innere Reibung zaher und plastischfester Koérper und die 
Giltigkeit des Poiseuilleschen Gesetzes. Ann. Physik, 4 Folge. 
22 :604-720. 
Gortner, R. A. and Doherty, E. H. 
(1918) Hydration capacity of gluten from “strong” and “weak” flours, Jour. 
Agr. Res. 13 :389-418. 
Greaves, J. E. 
(1911) Some factors influencing the quantitative determination of gliadin. 
Jour. Biol. Chem. 9 :271-203. 
Griffiths, A. and Griffiths, C. A. 
(1921) Viscosity of water at low rates of shear. Proc. Phys. Soc. London. 
33 :231-242. ; 


=. 


Groh, J. and Friedl, G. 
(1914) Beitrage zu den physikalisch-chemischen Eigenschaften der Alko- 
holldslichen Proteine des Weizens und Roggens. Biochem. Z. 
66 :154-164. 
Guess, H. A. 
/ (1900) The gluten constituents of wheat and flour and their relation to bread- 
é making qualities. Jour. Am. Chem. Soc. 22 :263-268. 


$ 

tg VISCOSITY AS A MEASURE OF HYDRATION CAPACITY 109 
i Po i 

i 

'- 

- 


- Ginsberg, R 
{ (1862) Ueber die in Wasser ldslichen Bestandtheile des Weizenklebers. Jour. 
ie prakt. Chem. 85 :213-220. 
| Gurney, L. E. : 
| (1908a) The viscosity of water at very low rates of shear. Phys. Rev. 
| 26 :98-120. 
Ly 
a (1908b) Some observations on the surface rigidity of water. Phys. Rev. 
|. 26 :121-122. 


Guthrie, F. B.. 
(1896) The absorption of water by gluten of different wheats. Agr. Gaz. N.S. 
ie Wales. 7 :583-589. 
- Hagenbach, E. : 
_ (1860) Uber die Bestimmung der Zahigkeit einer Fliussigkeit durch den Aus- 
} fluss aus Rohren. Pogg. Ann. Physik. Chem. 109 :385-426. 
_ Handovsky, H. 
(1910) Die neueren Fortschritte in der experimentellen Kolloidchemie der 
Eiweisskorper. Kolloid Z. 7 :183-193, 267-277. 
Dian kbczy, Ey. c 
(1920) Apparat fiir Kleberbewertung. Z. ges. Getreidw. 12 :57-62. 
Hardy, W. B. 
_ (1910) An analysis of the factors contributing to strength in wheaten flour. 
Jour. Board Agr. 17: Sup. No. 4. p. 52-56. 
Hatschek, E. 
(1910) Die Viskositat der Dispersoide. Kolloid Z. 7:301-304. 


(1911) Die Viskositat der Dispersoide. Kolloid Z. 8:34-30. 


-(1913a) Die Viscositat der Emulsoid Sole und ihr Abhangigkeit von der 
Schergeschwindigkeit. Kolloid Z. 13 :88-96. 


-(1013b) The general theory of viscosity of two phase systems. Trans. Fara- 
day Soc. 9 :80-92. 


1916) The viscosity and hydration of colloidal solutions. Biochem. Jieeror 
325-330. 


1920) Die Viscositat von Blutkorperchen-Suspensionen. Kolloid Z. 27 :163-. 
165. : 

, H. C, and Lewis, G. W. 

116) A new form of viscosimeter. Iron Age. 97 :940. 

iderson, L. J. 

(1918) The prevention of rope in bread. Science. 48 :247-248. 


110 TECHNICAL BULLETIN 19 


, Cohn, E. J., Cathcart, P. H:, Wachman, J. D., and Fenn, W. O. 
(1919) A study of the action of acid and alkali on gluten. Jour. General 
Physiol. 1:459-472. 
—, Fenn, W. O., and Cohn, E, J. 
(1919) Influence of electrolytes upon viscosity of dough. Jour. General 
Physiol. 1 :387-307. 
Herschel, W. H. 
(1920) The MacMichael torsional viscosimeter. Jour. Ind. and Eng. Chem. 
12 :282-286. ; 
Hess, W. R. 
(1910) Reibungswiderstand des Blutes und Poiseuille’sches Gesetz. Z. klin. 
* Med. 71 :421-427. 


(1912a) Reibungswiderstand des Blutes und Poiseuille’sches Gesetz, Z. klin. 
Med. 74 :428-432. 


(1912b) Der Stro6mungswiderstand des Blutes gegenitber kleinem Druckwerten. 
Arch. Anat. Physiol. (Physiol. Abt.) S. 197-214. 


(1920a) Beitrag zur Theorie der Viskositat heterogener Systeme. Kolloid Z. 
27 :I-II. 


(1920b) Die innere Reibung gelatinierender Losungen, Kolloid Z. 27 :154-163. 
Hildebrand, J. H. 
(1913) Some applications of the hydrogen electrode in analysis research and 
teaching. Jour. Am. Chem. Soc. 35 :847-871. 
Hoagland, R. : ’ 
(s911) The determination of gliadin or alcohol-soluble protein in wheat flour. 
Jour. Ind. and Eng. Chem. 3 :838-842. 
‘Hofmeister, F. 
(1890) Zur Lehre von der Wirkung der Salze. Untersuchungen tiber Quel- 
lungsvorgang. Arch. exp. Path. Pharm. 27 :395-413. 
Howard, A. 
(1913) The improvement of Indian wheat. Agr. Jour. India. 8:27-34. 
and Howard, G.L.€, ’ 
(1914) The seed supply of the new Pusa wheats. Agr. Jour. India. 9g :247-253. 
Humphrey, Edith, and Hatschek, E. 
(1916) The viscosity of suspensions of rigid particles: at different rates of 
shear. Proc. Phys. Soc., London. 28: pt. V, p. 274-283. 
Humphries, A. FE. 
(19¢8) (Discussion under Baker and Hulton’s paper on strength.) Jeur. Soc. 
Chem. Ind. 27 :373-374. 


(1910) Quality in wheaten flour. J. Board Agr. 17: sup. No. 4, p. 30-45. 
, and Biffen, R. H. : 
(1907-08) The improvement of English wheat. Jour. Agr. Sci. 2:1-16. 
Jago, W., and Jago, W. C. 4 
(1911) The technology of bread making. London. p. 332-343. 
Jessen-Hansen, H. 
(1911) Etudes sur la farine de froment. I. Influence de la concentration en 
ions hydrogéne sur la valeur boulangére de la farine. Compt. rend. 
Lab. Carlsberg. 10:170-206. Translated in. Jour. Am. Assoc. Cereal 
Chem. 7: No. 1, p. 10-28. 


i VISCOSITY AS A MEASURE OF HYDRATION CAPACITY 118 


g epner. Ba He: 

(1914) Physical factors which influence the percentage of wet and dry gluten 

I in wheaten flours. Jour. Ind. and Eng. Chem. 6 :481-482. 

Kjeldahl, J. 
(1895) Untersuchung tiber das optische Verhalten einiger vegetabilischer 
Eiweisskorper. Biedermann’s. Centbl. Agr. Chem. 25 :197-199. 

Koch, G. P. 

(1914) The diastase and invertase content of wheat flour and their relation 
to baking strength. Thesis submitted in partial fulfillment of the 

j “requirement for the degree of Master of Science, Univ. of Minn. 

| Konig, J., und Rintelen, P. 

(1904) Uber die proteinstoffe des Weizenlebers und seine Beziehungen zur 
Backfahigkeit des Weizenmehles. II. Beziehungen zwichen dem 
Klebergehalt und der Backfahigkeit eines Weizenmehler. Z. Nahr. 

% Genussm. 8 :721-728. 

-Kosutany, Th. 

(1903) Uber Weizen und Weizenmehle. Jour. Landw. 51 :139-16t. 


(1910) Die Mehlanalyse mit Rticksicht auf die Backfahigkeit des Mehles. Z. 
ges. Getreidew. 2 :36-42. 
By kcunitz, R. -W. ; 
va (1885) In an article by Nobbe-Tharand, Uber Mehlpriifungen. Landw. Vers. 
Stat. 31 :184-185. 
EN Laqueur, E., und- Sackur, O. 
‘Ss (1903) Uber die Saureeigenschaften und das Molekulargewicht des Kaseins 
5 : und seine Spaltung beim Trocknen. Beit. Chem. Physiol. Path. 3 :193- 
to 224, 
1 Te Clerc, J. A., and Leavitt, S. 
(to10) Tri-local experiments on the influence of environment on the com- 
position of wheat. U. S. Dept. of Agr. Bur. Chem. Bul. No. 128. 
== and, oder, P. A. 
(1914) Environmental influences on the physical and chemical characteristics 
ae of wheat. Jour. Agr. Res. 1 :275-201. 
Leibig, J. 
(1841) Ueber die stickstoffhaltigen Nahrungsmittel des Pflanzenreiches. Ann. 
: 39 :129-160. 
Liebermann, L. 
(1901) Apparat und Verfahren zur Bestimmung der Qualitat des Weizen- 
klebers. Z. Nahr. Genussm. 4:1000-1016. 
 Lindet, T.. et Ammann, L. 
(1605) Influence. des éléments de la farine bisé sur l’extraction du gluten et 
sur la panification. Compt. rend. 141: 56-58. 
et Ammann, L. - 
(1907) Sur le pouvoir rotatiore des proteines des farines de céréales par 
Valcohol aqueous. Compt. rend. 145 :253-255. 
b, J. 
(1920a) Ion series and the physical properties of proteins. I. Joxr. Gen- 
Physiol. 3 :85-106. 


: ‘920b) The proteins and colloid chemistry. Science 52:449-456. 


112 TECHNICAL BULLETIN 19 


(1920c) Ion series and the physical properties of Proteins. II. Jour. Gen. 


Physiol. 3 :247-269. 


(1921a) Chemical and physical behavior. of casein solutions. Jour. Gen. 
Physiol. 3 7547-555. 


(1921b) The colloidal behavior of proteins. Jour. Gen. Physiol. 3 :557-564. 
(192Ic) Donnan equilibrium and the physical properties of proteins. I. Mem- 


brane potentials. Jour. Gen. Physiol. 3 :667-690. 


(1921d) Donnan equilibrium and the physical properties of proteins. II. 
Osmotic pressure. Jour. Gen. Physiol. 3 :691-714. 


(192I1e) Donnan equilibrium and the physical properties of proteins. III. 
Viscosity. Jour. Gen. Physiol. 3:827-8413; 4:73-95. 


(1921f) The origin of the potential differences responsible for anomalous 
osmosis. Jour. Gen. Physiol. 4 :213-226. 


(1922) Proteins and the theory of colloidal behavior. McGraw Hill Book Co. 
xi+292 pp. 
Liters, H. 
(1919) Beitrage zur Kolloidchemie des Brotes. III. Kolloidchemische Studien 
am Roggen- und Weizen gliadin mit besonderer Berticksichtigung des 
Kleberund Backfahigkeitsproblems. Kolloid Z. 25:177-196, 230-240. 
und Ostwald, W. e 


(1919) Beitrage zur Kolloidchemie des Brotes. II. Zur Viskosimetrie der 


Mehle. : Kolloid Z. 25 :82-90, 116-136. 
und Ostwald, W. 

(1920a) Beitrage zur Kolloidchemie des Brotes. IV. Zur Kenntnis yon Mehlen 
schlechter Bachfahigkeit. Kolloid Z. 26 :66-67. 
und Ostwald, W. 

(1920b) Beitrage zur Kolloidchemie des Brotes. V. Die kolloide Qeeine 
des Weizenklebers. Kolloid Z. 27 :34-37. ; 


(1921) Zur Messung der Solvation (Quellung) in Kolloiden. Kolloid Z. 28 :1-4. 
Macfarlane, T. 
(1905) On the determination of the constituents of gluten. Trans. Roy. Soc. 
Canada. ser, 2, 2: sec. 3, p. 17-24. 
MacMichael, R. F. 
(1915) A new direct-reading viscosimeter. Jour. Ind. and Eng. Chem. 
7 :961- 963. 
Marion, M. | 
(1906) Dosage optique de la piadare dans les farines de blés tendres, pre- 
miéres du commerce. Ann. chim. anal. chim. appl. 11 :134-136. 
Martin, F. J. 
(1920) Properties affecting strength in wheaten flour. Jour. Soc. Chem. Ind. 
39 7246-251. ¥ 


oe ee 


ay ang Powers ne Ee ee Oe ee 


. P 
f VISCOSITY AS A MEASURE OF HYDRATION CAPACITY 113. 


| Martin, Ss 

: (1886) Report on gluten and the proteids of flour. Brit. Med. Jour. 2:104-105. 
- Mathewson, W. E. 

‘a (1906a) Optional rotation and density of alcoholic solutions of gliadin. Jour. 
Am. Chem. Soc. 28 :624-628. 


(1906b) The optical rotation of gliadin in certain organic solvents. Jour. Am. 
Chem. Soc. 28 :1482-1485. 


FS (1908) On the analytical estimation of gliadin. Jour. Am. Chem. Soc: 
€ ~  30:74-81. 

- Maurizio, A. 
= (1902) Die Backfahigkeit des Weizens und ihre Bestimmung. Landw. Jahr- 
i biicher. 31 :179- 234. 


: (1910) Die innere Rie - von Albuminldésungen. Biochem. Z. 25 :401-410. 
| Millon, E. . 
4 (1854) Ueber die Zusammensetzung des Weizens. Jour. prakt. Chem. 
el 61 :344-351. 

- Mohs, K 


(1915a) Uber den Einfluss von Fett auf die Backfahigkeit. Z. ges. Getreidew. 
WDTO-226." -~ 


% (1orsb) Der Kleber im Lichte der Kolloidchemie. Z. ges. Getreidew. 7 :239-242, 
250-260. 


(sam Neue Erkenntnisse auf dem Gebiete der Miillerei und Backerei. Theo- 
aa dor Steinkopff. Dresden und Leipzig. 

orison, C. B. and Collatz, F. A. 
(1921) Studies in rope control in bread. American Institute of Baking Bul. 


3 (1903) The chemistry of wheat gluten. Trans. Canadian Inst. Univ. Toronto. 
“ser. 7, P. 407-516. 

SAAT, M. P. und Mohs, K 

(1910) Uber Klebergehalt und Backfahigkeit einiger einkeimischer Weizen- 
mehle. Z. ges. Getreidew. 2 :31- °36. 

—————_ und Salecker;—P. 

% “(2008) Zur Sone des Trockenklebers im Weizenmehl. Z. Nahr. 


a ( 906) Crude gluten. Jour. Am. Chem. Soc. 28:8-25. 
wags : 
( 805) The proteids of wheat. Ann. Bot. 9 :171-226. 


) Physikalisch- chemische Eigenschaften der Schweifelhydrosole.  Z. 
pet Chem. 80 :709-736. 


II4 TECHNICAL BULLETIN 19 
Olson, G. A. ; cate 
(1911) Is gluten necessary to make good baker’s flour? Operative Mille. 
16 :439-440. 


(1912a) The effect of modifying the gluten surrounding the flour. 8th Intern. 
Cong. Appl. Chem. sec. 18, p. 283-300. 


(1912b) Composition of dry gluten and its relation to the protein content of 
flour.. Jour. Ind. and Eng. Chem. 4 :206-200. f" 


(1913) The quantitative estimation of gliadin in flour and gluten. Jour. Ind. 
and Eng. Chem. 5 :917-922 ; 


(1917) Wheat and flour investigations. V. Wash. Agr. Exp. Sta. Bul. 
No. 144. 3 
Osborne, T. B. 
(1907) The proteins of the wheat kernel. Carnegie Inst. Wash. Publ. No. 84. — 
and Clapp, S. H. 
(1906) The chemistry of the protein bodies of the wheat kernel. Part III. 
Hydrolysis of the wheat proteins. Am. Jour. Physiol. 17 :231-265. 
and Harris, I. F, 
(1903) The specific rotation of some vegetable proteins. Jour. Am. Chem. Soc. 
25 :842-848. ; 
and Harris, I. ‘F. z “i 
(1905) The chemistry of the protein bodies of the wheat kernel. Part I. 
The protein soluble in alcohol and its glutaminic acid content. Am. 
Jour. Physiol. 13 :35-44. 
and Warris.. Ly Be 
(1906) The chemistry of the protein bodies of the wheat kernel: Part’ IL. 
Preparation of proteins in quantity for hydrolysis. Am. Jour. Physiol. 
17 1223-230. : 
and Voorhees, C. G. 
(1893) The proteids of the wheat kernel. Am. Chem. Jour. 15 7392-471. 
Ostwald, Wo. 
(1913) The importance of viscosity for the study of the colloidal state. Trans. 
Faraday Soc. 9 :34-46. 


(1905) Uber die Quellung von 8-Gelatine. Arch. ges. Physiol. 109 277-288. a 


(1919) Beitrage zur Kolloidchemie des Brotes. I. Ueber kolloidchemische 
Probleme bei der Brotbereitung. Kolloid Z. 25 :26-45. > 
Pauli, Wo. : 
(1913) The viscosity and Becirochenstey. of protein solutions. Trans. Faraday Ds 
Soc. 9 :54-65. : 
und Handovsky, H. 2 
(1909) Untersuchungen itber physikalische Zustandsanderungen der Kolloide. 
VIII. Studien am Saureeiweiss. Biochem. Z. 18:340-371. é 
Perry, J.. Graham, J., and Heath, C. W. 
(1893) Liquid friction. Phil. Mag. 5 ser. 35:441-458. 


ni 


VISCOSITY AS A MEASURE OF HYDRATION CAPACITY 115 


Poiseuille. > 
(1847) Recherches expérimentales. Sur le mouvement des liquides de nature 
. différente dans les tubes de trés-petits diamétres. Ann. chim. phys. 


37 ser, 21 776-110. 
Procter, H. R. 
(1914) The equilibrium of dilute hydrochloric acid and gelatin. Jour. Chem. 
Soc. 105 :313-327. 
and Wilson, G. A. 
(1916) The acid-gelatin equilibrium. Jour. Chem. Soc. 109 :307-319. 
Rammstedt, O. 
_ (1909) Die verschiedenen Stickstoffsubstanzen des Weizenmehles in Beziehung 
gebracht zu dem Volumen des Gebackes. Z. ges. Getreidew. 1 :285-201. 
Reynolds, O. 
(1883) An experimental investigation of circumstances which determine whether 
a the motion of water shall be direct or sinuous and of the law of resist- 
ance in parallel channels. Phil. Trans. London. 174 :935-982. 
Ritthausen, H. 
(1896) Ueber die Berechnung der Proteinstoffe in den Pflanzensamen aus dem 
gefundenen Gehalte an Stickstoff. Landw. Vers. Stat. 47 :391-400. 


(1899) Ueber die Eiweisskérper des Weizenklebers oder Glutens. Jour. prakt. 
Chem. neue Folge. 59:474-478. 
Roberts, H. F. 
(1920) The relation of protein content to variety types in American wheat. 
Jour. Agr. Sci. 10:121-134. 
Robertson, T. B. and Greaves, J. E. 
(torr) On the refractive indices of solutions of certain proteins. V. Gliadin. 
Jour. Biol. Chem. g :181-184. 
Rona, P. und Michaelis, L. 
(1910) Betrage zur allgemeinen Eiweisschemie. Uber die Fallunge der Globu- 
line im isoelektrischen Punkt. Biochem. Z. 28 :1093-199. 
Rosseaux, E. et Sirot, M. 
(1913) Les matiéres azotées solubles comme facteur d’appreciation des farines, 
Compt. rend. 156 :723-725. 
et Sirot, M. 
(1918) Les matiéres azotées solubles comme indice de la valeur boulangére 
des farines. Compt. rend. 166:190-192. - 
Rothlin, E. 
(1919) Uber die Methodik der Viscositatsbestimmung bei organischen Kol- 
loiden. Biochem, Z. 98 :34-901. 
Rothmann, M. ~~ = 
(1914) Ist das Poiseuille’sche Gesetz fiir Suspensionen giiltig? Arch. ges. 
Physiol. 155 :318-348. 
Rumsey, L. A. Ce / 
(1922) The diastatic enzymes of wheat flour and their relation to flour 
strength. Am. Inst. Baking. Bul. No. 8. 
Salmon, A. G. : ; 
(1908) (Discussion of the article by Baker and Hulton.) Jour. Soc. Chem. 
Ind. 27 :375. 


116 : TECHNICAL BULLETIN 19 


Samec, M. 
(1912) Studien iiber Pflanzenkolloide. II. Die Losungsstabili 
Kolloidchem. Beihefte. 4 :132-174. 
und von Hoefft, H. 
(1913) Studien iiber Pflanzenkolloide. III. Ratascwanes ond L as) 
bei Starke. Kolloidchem. Beihefte. 5:141-210. 


(1914) Studien iiber Pflanzenkolloide. IV. Die Verschiebun 
phorgehaltes bei den Zustandsanderungen und dem diastat: 
der Starke. Kolloidchem, Beihefte. 6 :23-54. 
Saunders, C. E., assisted by Nichols, R. W., and Cowan, P.R. 
(1921) Wheat flour and bread. Canada Dept. Agr. Bul. No. 97 
Scherer, J. 
(1841) Chemisch-physiologische Untersuchungen. Ann. 40:1-6 
Schleimer, A. 2 
(to11) Studien tiber das Gliadin, den alkoholldslichen Anteil, d 
klebers. Z. ges. Getreidew. 3 :138-140. ae 
Schmidt, C. L. A. and Hoagland, D. R. <= 
(1919) Table of pH, H+ and OH— values corresponding to ele 
forces determined in hydrogen electrode measurements, | 
ography. Univ. Calif. Pub. Physiology. 5: No. 4, p. a 
Schneidewind, W. 
(1909) Die bisherigen Ergebnisse der seitens der Veréuchsseeam 
ausgefiihrten Backversuche. Z. ges. Getreidew. 1:7-13. 
Schroeder, P. v. 
(1903) Uber Erstarrungs—und Quellungserscheinungen der 
Physik. Chem. 45 :75-117. : 


Sellnick, H. 
(1809) Das Artopton, ein Apparat zu Backversuchen. 
2 :875-876. 


Sharp, P. F. and Gortner, R. A. 
(1919) Unpublished observations. 
and Gortner, R. A. 
(1922) Physico-chemical studies of strong and weak flours II. 
tional properties of glutens from strong and weak flours. 
Chem. 26 :101-136. 
Shaw, G. W. 
(1907) A trial of the polariscope method for the determination of 
Jour. Am. Chem. Soc. 29:1747-1750. 


4 


Shorter, S. A. 
(1906) On the surface elasticity of saponine solutions. Phil. - 
II :317-328. 


Phil. Mag. 6 ser. 17 :560-572. 

Shut, iat 
(1907) Quality in wheat. The relation of composition to bread-mz 
Canada Dept. of Agr. Bul. No. 57, p. 37-51. 


(1908) A chemical study of the grain and flour of the. grades of Bi 
Canada Dept. of Agr. Bul. No. 60, p. 12-21. 


VISCOSITY AS A MEASURE OF HYDRATION CAPACITY 117 


(1909) The influence of environment on the composition of wheat. Jour. 
Soc. Chem. Ind. 28: 336-338. 


(1910) Chemical work on Canadian wheat and flour. Jour. Board of Agr. 
17: Sup. No. 4, p. 56-66. 
Smoluchowski, A. v. 
(1916) Theoretische Bemerkungen iiber die Viskositat der Kolloide. Kolloid 
Z. 18:190-195. 
Snyder, H. : 
(1897) Human food investigations. The gluten of wheat. Minn. Agr. Exp. 
Sta. Bul. 54, p. 37-42. 


- (18992) The proteids of wheat flour. Minn. Agr. Exp. Sta. Bul. 62. 
(1899b) The proteids of wheat flour. Minn. Agr. si Sta. Bul, 63, PD. 519-533. 


(1899c) Studies on bread making at the University of Minnesota in 1897 and 
1898. U. S. Dept. of Agr., Off. Exp. Sta. Bul. 67, p. 7-36. 


(1901) Studies on bread and bread making at the University of Minnesota 
in 1899-1900. U.S. Dept. of Agr., Off. of Exp. Sta. Bul. 101. 


(1904) The determination of gliadin in wheat flour by means of the polari- 
scope. Jour. Am. Chem. Soc. 26 :263-266. 


(1906) Report on the separation of vegetable proteids. U. S. Dept. of Agr., 
Bur. of Chem. Bul. No. 105, p. 88-80. 
Sorkau, W. 
(1911) Experimentelle Untersuchungen tuber die innere Reibung einiger organ- 
ischer Flussigkeiten im turbulenten Stromungszustande. Physik. Z. 
12 :582-505. 


(1912) Uber den Einfluss vor Temperatur spezifischem gewicht und chem- 
ischer Natur von Fltissigkeiten auf die Turbulenzreibung. Physik. Z. 
13 :805-820. 

Stein, H. 

(1904) Beitrage zur Kenntnis der Weizenmehle. Z. Nahr. Genussm. 7 :730-742. 

Stockham, W. L. ; 

(1920) Some factors related to the quality of wheat and strength of flour. 
No. Dak. Agr. Exp. Sta. Bul. No. 1309. 

Swanson, C. O. and Calvin, J. W. 

(1913) A preliminary study on the conditions which affect the activity of the 
amylolytic enzymes in wheat flour. jour, Am. Chem. Soc. 35 11635-1643. 
- Taddei, G. 

; Oe Abs. Thompson’s Ann. Philosophy 15:390. Cited by Osborne, T. B. 
The proteins of the wheat kernel. Carnegie Inst. Pub, 84. (Original 
not seen.) 

‘Teller’ G. L. 

(1896) Concerning wheat and its mill products. Arkansas Agr. Exp. Sta. 
Bul. No 42; p. 81-104. 


118 TECHNICAL BULLETIN 19 


Thatcher, R. W. 
(1907) A comparison of the various methods of estimating the baking al 
ties of flour. Jour. Am. Chem. Soc. 29 :910-921. 


(1913) The chemical composition of wheat. Wash. Agr. Exp. Sta. Bul. 
No. 111. 
Thomas, L. M. 
(1917) A comparison of several classes of American wheats and a considera- 
tion of some of the factors influencing quality. U. S. Dept. of Agr. 
Bul. No. 557. 
Upson, F. W. and Calvin, J. W. 
(1915) On the colloidal swelling of wheat gluten. Jour. Am. Chem. Soc. 
37 :1205-1304. 
and Calvin, J. W. 
(1916) The colloidal swelling of wheat gluten in relation to milling and ae 
ing. Nebr. Agr. Exp. Sta. Res. Bul. No. 8. 
Vines, S: H. 
(1903) Proteolytic enzymes in plants. Ann. Bot. 17 :237-264. 
Voorhees, L. A. 
(1900) A further study of the losses in the process of making bread. 21st 
Ann. Rept. N. J. Agr. Exp. Sta. p. 134-176, cf. p. 146. 
Weaver, H. E. and Wood, J. C. 
(1920) The proteoclastic enzymes in wheat flour and action of enzymes in 
bread making. Jour. Am. Assoc. Cereal Chem. 5: No. 2, p. 6-11. 
White, H. L. 
(1913) Influence of ‘bran extract on the baking quality of flour. No. Dak. - 
Agr. Exp. Sta. Bul. No. 106, p. 47-58. 
and Beard, R. F. 
(1913) The phosphorus content of wheat and of wheat flour; and its relation! 
to the baking qualities of the flour. No. Dak. Agr. Exp. Sta. Bul. 
No. 106, p. 50-64. 
Whymper, R. 
(1920) Colloid problems in bread making. Third Report on Colloid Chem-~ 
istry. British Assoc. Adv. Sci. pp. 61-74. mM 
Willard, J. T. and Swanson, C. O. + 
(1913) The influence of certain substances upon the baking qualities of flour. 
Kansas Agr. Exp. Sta. Bul. No. 100, p. 237-285. 
Wilson, J. A. and Wilson, W. H. 
(1918) Colloidal phenomena and the etccir aoe formula. Jour. Am. Chem. 
Soc. 40 :886-895. ' 
Wood, T. B. 
(1906-08) A new chemical test for “strength” in wheat flour. Proc. Cam- 
bridge Phil. Soc. 14:115-118. 


(19072) The chemistry of the strength of wheat flour. I. The size of the 
loaf. Jour. Agr. Sci. 2:139-160. 


(1907b) The chemistry of the strength of wheat flour. II. The shape of the 
loaf. Jour. Agr. Sci. 2 :267-277. NY ctor 


(1012) Comparison of the opacities of liquids. W. J. Pye and Co. Cambridge, 
England. eit 


VISCOSITY AS A MEASURE OF HYDRATION CAPACITY 119 


‘and Hardy, W. B. 
(1908) Electrolytes and colloids. The physical state of gluten. Proc. Roy. 


Soc. London. (B) 81:38-43. 


Woodman, H. E. 
(1922) The chemistry of the strength of wheat flour. Jour. Agr. Sci. 


I2 :231-243. 
Woudstra, H. W. 
(1908) Uber die innere Reibung kolloidaler Silberlosungen. Z. physik. Chem. 


63 :619-622. 


(1911) Dispersitatsgrad und-innere Reibung. Kolloid Z. 8:73-80. 


Loker, ri, oF) 
(1919) The viscosity of casein solution. I. Effect of pH. Science 50:40. 


(1920) Studies on technical casein. IV. Standardization of the borax solu- 
bility test for commercial caseins. Jour. Ind. and Eng. Chem. 
12 :117I-1173. 


(1921) Casein viscosity studies. Jour. Gen. Physiol. 3 :635-651. 


| 
4 
] 
4 
j 
| 


Se 


AGRICULTURAL EXPERIMENT ‘STATION 
ADMINISTRATIVE OFFICERS) 


W. C. Correy, M.S., Director ©»: ne ey, up 
~ ANprEW Boss, Vice-Director A Ps 
F. W. Pecx, M:S., Director of Agricultural, Batenshon an Panne Tasttutes 
GC: G. SEtvic, M.A, Superintendent, Northwest. Substation, Crookston’ 
‘M., J. THompson, M.S.) Supetintendent, ‘Northeast Substation, ’ Duluth’ 
P. E; Mitter, M.Agr., Superintendent, West Central Substation, Morris ¢ 
O. 1) Bercs, B.S:Agr., ‘Superintendent, North Central. Substation, Grand Rapids - 
R. E. Hopson, B.S. in Agr.,) Superintendent, Southeast ‘Substation,. Waseca _ 
RAPHAEL Zon, Ph.D,, Superintendent) Forest Experiment Station, Cloquet _ 
RE: HARAtson, Assistant Superintendent, Fruit SAM Farm, se ty Heights, 
(P.O. Excelsior) ee Ghy a 
Ne W. P. Kirxwoon, M.A, Editor © 0 fee ne 
» Atice McFrery, Assistant Editor of Bulletins i 
Harrret W. Sewatt, B.A,, Librarian 
YT, J: Horton, Photographer ; 3 GR tues MSs 2, 
© Ry Av Gortner,:Ph.Di; Chief, Division of ‘Ago teiien Biochemistry thee . we 
saa Eve BLAck, Ph.D., Chief, ‘Division: of ‘Agricultural Economics > eh ke 
ANDREW Boss, Chief, Division. of Agtonomy and Farm Management sialon 
“W, H. Peters, M.Agr., Chief, Division’ of Animal. Muay: ‘ 
. Francis Jacer, Chief, Division of Bee ‘Culture 3 ; 
-C H. Ecxxes, M.S.,; D:Se., Chief, Division of Dairy Husband AB ed ae 
Wi AsRitey, Ph:D;) Chief, Division of ‘Entomology and Economic Zoology . 
Witrram: Boss, ‘Chief, Division of Farm Engineering 9 > : bye 
E. G.\Cueyney, B.A.,. Chief,’ Division of Forestry’) 
W. H, Auperman, B, S. A. Chief, Division of Horticultute. © 
| E..M. Freeman, Ph.D, Chick, Division of Plant Pathology and Botany 
Ay Co'Smirg, B.S, Chick, Division of Poultry. yes * 
F. is Atway, Ph.D., Chief, Division of Soils. ‘ 


a 


TECHNICAL BULLETIN 20 NOVEMBER 1923 


The University of Minnesota 
Agricultural Experiment Station 


A Study of Wilt Resistance in Flax 


By H. D. Barker 
Division of Plant Pathology and Botany 
In Co-operation With 
Division of Agronomy and Farm Management 


UNIVERSITY FARM, ST. PAUL 


CONTENTS 


Page 

Introduction Seadiw eevee cee dere ooh avs najemi ame dies then 3 
Distribution of the diseases 325 cs )ja7esi on bs © ols onthe ee eye eee 3 
Symptoms Of the diseases. oc... cs cew sew pee wee nme pe eee 4 
FRIstOrical TreViewy a vs cere eds 4 4 ayes aoe we aus e ed bee duel enon teeer 4 
Definition of ‘problems. i... cc. daa dias oiea act err eiaes oie en a 
Source of material. 0.20. 05.0.0 f6 00 p05 4 nose pee eee 8 
Individual plant selection ‘sttidies;.......0.-. 2.704000 =e eee 8 
Methods used in making’ selections. ..... 21.212. se 1-1 ee 8 
Methods of selfing. selections: ..4¢2,.. 001. ote « ote een ae 10 
Results obtained from individual selections. .....))-a. 0-12 eee 10 
A study of variations within individual selections..../............+---+-<5 22 
Ibimits of selections... s62. 54.35 case 0+ os ie ae oles e hia are een ee ee 23 
Eifect of clean soil on the loss of walt résistance... «+ 15.1 eee 24 
Effect of time of planting on development of flax wilti2....-eeeeen 29 
Yield tests of Minnesota wilt resistant selections....-..----- == enue 31 
Discussions “and, conclusions gd «..0...tic .syecetetsee feels om pelted ae eee 37 
SUMMA: coc aida a eco te due wee ‘a aide ecias'el abn wlio 7A, 00 Obata Ren Ree eects eee oka ae 40 
itera tire Accrte di tay cos. 2 citys, 2 « «eiecenots Hee Oto noe PRE ert 56 5 535 4! 

ILLUSTRATIONS 

Page 

Plate I. Source of individual plant selections made in I1919........ 43 
Plate II. Source of individual plant selections made in 1919........ 44 
Plate III. Source of individual plant selections made in I919........ 45 
plates 2D Ves iitectsmonneselection(..7—enien te tient rene a 46 
Plate V..- Limitations ‘of ‘selection... ..¢ ic. sa 2 nce ee 47 
Plate Vi. Limitations of Selection. «.< .nga- sec lenceria eee 48 
Plate VII. Effect of clean soil on loss of wilt: resistance............. 49 
Plate VIII. Effect of clean soil on loss of wilt résistance: «.. ues 50 
Plate IX. Effect of clean soil on loss of wilt resistance... ....aueeeee 51 
Plate X. Effect of time of planting on development of flax wilt..... 52 
Plate XI. Effect of time of planting on development of flax wilt..... 53 
Plate XII. Effect of time of planting on development of flax wilt..... 54 
Plate XIII. Effect of time of planting on development of flax wilt..... 55 


Plate XIV. Effect of time of planting on development of flax wilt..... 56 


A STUDY OF WILT RESISTANCE IN FLAX 
By H. D. BarKer’ 


INTRODUCTION 


‘Statistics of the United States Department of Agriculture? show 
that the production of oil flax in this country has steadily decreased. 
The average annual production from 1902 to I9II was 23,749,000 
bushels, and from 1912 to 1921 it was 13,668,000 bushels. This does 
not seem to be due to a lessened demand for linseed in this country. 
From 1902 to 1911 the average annual import was 2,375,700 bushels, 
with an annual average export of 2,264,400 bushels. The average ex- 
port about equals the average import for the ten-year period because in 
the latter part of the period we changed from a flaxseed exporting na~ 
tion to an importing one. From 1912 to 1920 the average annual -im- 
port amounted to 12,637,800 bushels with an average export of 44,700 
bushels. In Minnesota the average annual production from 1902 to 
I9II was 4,911,600 bushels, while from 1912 to 1921 it was only 
2,943,500. There was a similar diminution in other states. The cen- 
ter of flax production has steadily moved westward to new lands. For 
that reason flax has frequently been called a new-land crop. Notwith- 
standing the fact that it thrives better on new land than certain other 
crops and is less damaged by weeds, it may grow equally well on old 
lands if they are properly prepared and if wilt can be controlled. 

Flax wilt is a very important factor in this decrease in flax produc- 
tion and in the westward migration of the crop. It is well known that 
when flax is grown for more than one year on the same soil the yields 
decrease. Because of this such soil has been termed “flax sick” soil. 
The disease has in reality become a limiting factor in the production 
of flax in ‘certain states. 


DISTRIBUTION OF THE DISEASE 


Flax wilt is probably prevalent throughout the flax growing re- 
gions of the world, particularly in the seed flax areas where it is one 
of the most destructive diseases. Finch and Baker (11) state, “Be- 
cause of the liability to disease when grown continuously on the same 
land, flax is grown almost universally on new lands in the United States, 
Canada, and Argentina. Newly turned prairie sod is very commonly 

1 The writer wishes to acknowledge his indebtedness to Dr. E. C. Stakman of the section 
of plant pathology and to Dr. H. K. Hayes of the section of plant breeding, for their aid 


in defining the problems at the outset and for their supervision and kindly criticism of the work. 
2 United States Department of Agriculture Yearbooks. 
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sown to flax before a crop of wheat is put on the land. In the Russian 
fiber crop region newly cleared scrub lands are often employed and 
in the Netherlands the newly reclaimed ‘ploder lands.’ ” 


SYMPTOMS OF THE, DISEASE 


The symptoms of flax wilt have been described in considerable de- 
tail by Bolley (1,2). However, it may not be out of place to describe 
some of the more outstanding symptoms, particularly as they occur in 
Minnesota. 

Plants may be attacked at any stage of development. In the early 
seedling stage they may simply “damp-off.” The roots may be com- 
pletely rotted. Somewhat later, when a certain amount of lignified 
tissue has developed in the plants, they no longer fall over but any one 
of many things may happen when they are attacked by the wilt fungus. 
If the attack is rapid and severe, complete wilting and death result. 
In other cases the plant may appear to be only slightly stunted or to 
be very unthriftv and some of the leaves may turn yellow and fall off; 
or the top of the plant may die and new, apparently healthy, vigorous 
branches may grow. Frequently only one side of the plant is affected. 
This is particularly true of older plants. The normal green and the 
dead, browned areas extend side by side up the plant and are sharply 
delimited from each other. In partly wilted plants the crown of the 
plant and the main root or underground portion of the stem may be 
enlarged considerably. Very late infection may find expression only 
in premature ripening and browning of the plants. In most of the 
Fusarium wilt diseases the vascular tissue of the stem near the crown 
of the plant is blackened or browned. This symptom often appears in 
flax plants that are seriously affected with the disease, altho it is by 
no means a universal symptom. : 


HISTORICAL REVIEW 


The importance of disease resistance in plants, and discussions of 
the more important literature on the development of disease resistant 
varieties, have been so well and so thoroly summarized in many recent 
papers that only those are cited in this paper which deal particularly 
with flax wilt and the problems relating to the development of wilt- 
resistant varieties in general. 

Little is known definitely regarding the early history of flax wilt. 
Neither is the origin of our cultivated varieties of flax well known. Ac- 
cording to Hayes and Garber (13 p. 153) flax was grown by the Lake 
Dwellers of Switzerland as early as 4ooo B.C. Vague descriptions in 
the older literature indicate that wilt may have been a serious factor 
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in flax production for a long time. Pliny (19 p. 131), in discussing 
flax, remarks, “It has the property of scorching’ the ground where it 
is grown and of deteriorating the quality of the very soil itself.” 

While the disease has undoubtedly existed in European countries 
for a long time, the early history of flax diseases is difficult to deter- 
mine because the descriptions in the older literature are meager. The 
nature of the wilt disease was not known and hence different names 
were applied to it. It was for a long time regarded as a soil trouble. 
It was thought that flax extracted large amounts of food from the land, 
or that injurious substances were developed by it. 

Broekema (9), in 1893, was among the first to separate this disease 
from others which had gone under the loose term “Brand.” He noted 
the destructiveness of the disease and suspected that it was caused 
by a parasite. He observed resistant plants that remained healthy and 
vigorous in the midst of plants that had succumbed to the disease. He 
definitely raised the question as to whether this quality might be heredi- 
tary, and selected seeds from plants which showed no external mani- 
festations of the disease and planted these beside seed of non-selected 
sorts. He decided that the plants from the selected seed developed 
better than the others and were much less affected with the disease; 
also that the susceptibility of the seedlings from such plants diminishes 
when compared with that of plants from non-selected seed. One of 
the explanations he suggested was that the descendants of resistant 
plants had by nature a force for greater growth and consequently 
greater vitality and resistance to the “Vlasbrand.’”* 

Nypels (16), in 1897, called attention to the seriousness of a dis- 
ease which was widespread throughout the Pays-Bas and Flanders, 
where it was called “Vlasbrand,” and which he calls “La brulure du lin.” 
He calls particular attention to its destructiveness and points out that 
on badly diseased soil it may destroy the crop. He gives Broekema 
credit for separating the disease from a great many others which had 
been termed “Vlasbrand.” He also discusses:a disease which he terms 
“Yetetement du lin” (l.c. pp. 220-21), describing the symptoms and 
the possible causes. From his descriptions and figures CE Graltes: 
5 and 6, p. 226), it seems quite possible that he was dealing with flax 
wilt. 7 

Bolley (1, 2) demonstrated that the cause of flax wilt was Fusarium 
lint Bolley. Seed treatment and crop rotation were shown by him to 
be beneficial in the contro! of the disease. As Broekema had done 
earlier, Bolley (3,5,6) also observed that in infested fields a few 

® The following footnote of the translator is made: Virgil says, Georg. i 77, ‘“Urit enim 
lini campum seges’”” — but in the sense, as Fee remarks, of exhausting, not scorching the soil. 


* Portions of the original paper, published in the Dutch language, were translated by 
J. B. Osborn, a graduate student in Biochemistry. 
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plants did not succumb to the attacks of the disease when most of the 
plants were killed, and that a' few scraggly plants survived the first 
year when varieties were grown on sick soil. These were selected and 
the progeny was somewhat resistant the following year. After several 
years of selection, sorts were produced which yielded well on sick soil. 
He states (8, p.3), “How we obtained resistant flax plants is, in a 
large part, explained in previous portions of this bulletin, but no scien- 
tist has yet been able to explain just why the plants become resisant 
when exposed generation after generation to the action of the disease. 
Our experiments leave no question but that when the disease character 
is held constant so as to act steadily upon the roots and crop that gen- 
eration after generation accumulates more resistance until there comes 
a time when the disease in the ground has no longer any ability to cut 
down the yield.” 

In general Bolley concluded that two or three years’ selection under 
disease conditions were necessary in order to isolate a resistant variety. 
Both individual and mass selection methods were used. At the Minne- 
sota station, Stakman et al. (20) confirmed Bolley’s remarkable results. 

Tisdale (21, 22) has made very important contributions to the lit- 
erature on the nature and inheritance of wilt resistance in flax. He found 
that resistance is only relative, owing to the profound modifying effects 
of environmental factors, especially temperature. At high temperatures 
the most resistant varieties may wilt severely, while at low tempera- 
tures susceptible varieties may escape infection. The fungus enters 
either susceptible or resistant plants through the stomata of the seed- 
lings, the root. hairs, and perhaps through wounds. In resistant plants, 
the fungus, upon entering, stimulates cork wall formation of cells ad- 
jacent to those attacked. This perhaps prevents further invasion. 
From experiments on hybridization, Tisdale found a marked difference 
in the individuality of plants of the same strain with respect to resist- 
ance in the progeny. Part of the lack of uniformity resulting from 
crosses between resistant and susceptible plants could be explained by 
varying environmental conditions. He concluded that wilt resistance 
is an inheritable character which is apparently. determined by multiple 
factors. 

Orton (17) developed varieties of cotton resistant to wilt, Jones 
and Gilman (14) varieties of cabbage resistant to yellows, and Essary 
(10) varieties of tomatoes resistant to wilt. Other investigators se- 
cured similar results in developing selections of plants resistant to 
various Fusarium wilt diseases. 
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Jones and Gilman (14) and Jones, Walker, and Tisdale (15) suc- 
ceeded in securing varieties of cabbage resistant to Fusarium conglut- 
inans Wollenw. They found that there are occasionally healthy plants 
even in the worst diseased fields. Selection of these gave rise to highly 
resistant strains. Repeated selection seemed to result in increased re- 
sistance. The degree of resistance was found to be relative. Environ- 
mental factors, especially soil temperature, influenced the development 
of the disease and also the disease resistance of the host. It is con- 
cluded (14 p. 34) that “It seems probable that in case the resistant 
strains are propagated through successive generations without re- 
peated selection, they will tend to lose to some extent the disease re- 
sistant character.” 

One of the very striking peculiarities discovered by Bolley was that 
resistant varieties lose their resistance after they have been grown for 
a few years on disease-free soil. This is summarized by Hayes and 
Garber (13 p.158) as follows: “Whether this behavior is a gradual 
decrease in resistance of the host which is roughly proportional to the 
length of time which the resistant variety has grown on wilt-free soil 
or a more or less sudden change which appears after two or three years 
is as yet unknown.” 


DEFINITION OF PROBLEM 


The work of Bolley (3,5) in securing wilt-resistant flax and of 
others (10, 14, 18, 20) in securing varieties of crop plants resistant to 
Fusarium wilts, has shown that these serious diseases can be con- 
trolled by selecting wilt-resistant types. The results in many of these 
cases have been similar, regardless of the differences in the crops con- 
cerned, and have indicated that resistance to wilt may be different from 
other types of resistance. There has been much theorizing as to the 
nature of this resistance and the difficulties of explaining the peculiar 
and striking results on the basis of the pure-line theory. It is apparent 
that the problem is of immense practical and fundamental importance. 

In view of these facts the objects of the present investigation, which 
was conducted as a co-operative project between the section of plant 
pathology and the section of plant breeding, were: 

1. To determine whether the results in selecting wilt-resistant vari- 

eties of flax could best be explained by the pure-line theory. 
2. To study the effects of continued selection for wilt resistance in 
flax. 

3. To determine whether resistance could be built up in any com- 

mercial variety of flax, or if it is a peculiar quality possessed only 
by certain varieties or groups of varieties. 
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4. To determine whether resistant varieties lose their resistance when 
grown on clean soil. 

5. To study the relation of time of planting to the control of flax 
wilt. 

6. To study the comparative resistance and yielding ability of the 
most promising selections of wilt-resistant varieties obtained at 
this station by previous selection. 


SOURCE OF MATERIAL 


The field studies were made on soil that had been continuously 
cropped to flax since 1914, when it was inoculated with pure cultures 
of Fusarium lini. This soil proved to be heavily infested with the 
pathogene in all the tests conducted on it. Several individual and bulk 
selections made by Stakman et al. (20) were available for further 
study. A short history of each of the important selections is given 
in Table I. 


INDIVIDUAL PLANT SELECTION SiUDES 
METHODS USED IN MAKING SELECTIONS 


Individual plants were selected from a large number of resistant 
plants from' the various selections, as indicated in Table I. These were 
labeled “R” (resistant) indicating that the plants selected were the most 
vigorous that could be found in several thousand of that particular 
selection and that such plants showed no visible symptoms of infection 
with Fusarium lini. The label “PR” indicated that the plant selected 
was “partly resistant”; that is, had recovered sufficiently to produce 
some seed. In such cases the mainfestation of wilt was variable. Fre- 
quently the central stalk had wilted and died back; or, less frequently, 
lateral branches were similarly affected; or in many cases one side of 
the stalk had been killed while the other side was sufficiently healthy 
to mature some seed. The selections were made when the first bolls 
had begun to mature. 
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TABLE I 
InpivipuaL PLant SELEcTIONS MAvE IN 1919 
Selection Remarks History of parent selection 
Ma2s-1R...... ..» Normai plant { Primost, Minn. No. 25, (C. I. No. 47). Un- 
Ma2s—2R...... ..+ Possibly slight wilt selected for wilt resistance. The average per- 
Plant slightly yellow centage of wilt in this variety on the pliant 
M25-3R......... Normal plant pathology plots from which the individual plant 
BINS SAR et avertarevst Normal plant selections were made was 95. 
Ma2s—-sR..... ..... Very exceptional vigor 
MMes=6R.. 20 se ccs 6 Normal plant 
M25-7PRto13PR Partly wilted 
25-7-1R \ *Selection Plot IV 25-7, a wilt-resistant se- 
HODAGIIGY ie, crave, asd Normal plants lection produced by bulk selection in 1914 and 
25—7— 20 individual plant selection in 1915 from Pri- 
{OP sURIRe ence Partly wilted most, Minn. 25. The selection Plot IV—25-7 
25-7-32R was subsequently named Chippewa, Minn. No. 
EOS ORG ego aus.ae Normal plants 181 (C. I. No. 178). Average percentage of 
wilt in 1919 was 4. 
175-1-1R *Selection Plot III 175-1, a wilt-resistant se- 
HOp2E Re waleenate Normal plants lection produced by bulk selection in 1915 and 
175-1-26PR individual plant selection in 1916, from Blue 
HOw BOR ls otasv6 Partly wilted Dutch, Minn. No. 175. This selection was sub- 
175-1-30R sequently named Winona, Minn. No. 182 (C. I. 
TOMS4uN eee te Normal plants No. 179). Average percentage of wilt in’1919 
was 4. 
g1-1-1R to 25R... Normal plants *Plot II 91-1, a wilt-resistant selection pro- 
g1-1-26PR duced by bulk selection in 1914 and 1915 and 
to 30PR.. 61... Partly wilted by individual plant selection in- 1916, from 


Minn. No. 91. Average percentage of wilt in 
I919 Was 37. 


74-1-1R to 25R... Normal plants Selection Plot ITV 74-1, a wilt-resistant selec- 
74-1-26PR tion produced by bulk selection in 1914 and in- 
tor 30PR..... .. Partly wilted dividual plant selection in 1915, from Minn. 
No. 74. Average percentage of wilt in 1919 

was 22. \ 

Il-09-15-1-1R Selection II-o9-15-1, Minn. 163, a selection 
LY ie a aes Normal plants for high yielding quality made from a 1909 
II-09-15-1-11 PR cross between ‘“‘Cantania”’ and “‘Improved.”’ The 
to 25PR....... Partly wilted selection IJ-og-15-1 had shown a certain degree 


of resistance in the field but was not selected for 
wilt resistance. Average percentage of wilt in 
1919 Was Ql. 


* The original selections were made by the section of plant pathology. 
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METHODS OF SELFING SELECTIONS 


Selfing was accomplished by growing the selections in the green- 
house during the winter, each plant in a separate booth formed by 
double walls of cheese-cloth. In this way many seeds were produced 
from a single plant. In a few cases selfing was done in the field by 
placing a cigarette tube over each flower. However, for the studies 
here recorded selfing’ was done in the greenhouse, part of the seed 
being saved each year for selfing in the greenhouse the following year. 
The rest was planted in individual rows on sick soil. A list of the 
parent types with a short history of each is given in Table I. This 
also includes outstanding features of each selection. 


RESULTS OBTAINED FROM INDIVIDUAL SELECTIONS 


A large number of individual plant studies were made in order to 
determine whether the peculiar results obtained in selecting varieties 
of plants resistant to wilt could be explained by the pure-line theory ; 
to test the effect of continued selection upon the development of wilt 
resistance; and to determine whether resistance could be built up in 
any commercial selection of flax if it was continuously associated with 
the disease. The-question naturally arose as to whether the results in 
obtaining wilt-resistant strains of flax could not best be explained by 
the pure-line theory. Other questions were: By what means does flax 
become resistant? What is the explanation for the widespread opinion 
that resistance is gradually “built up” by the association of the plant 
and the parasite? Why is resistance lost by the long-time removal of 
the plant from sick soil? Why could resistance be built up only to a 
certain point regardless of the method employed? Would it be possible 
to obtain by continuous individual. plant selection and careful self-pol- 
lination, varieties that would be immune from wilt? These questions 
could not be answered on the basis of definite experimental proof at 
hand, hence it was decided to make a large number of individual plant 
selections and self these for several generations, if necessary, in order 
to be certain that homozygous selections were secured, to see what light 
they could throw on the problem. Accordingly, in the summer of 1919 
about five hundred individual plant selections were made from the se- 
lections grown on sick soil on the plant pathology plots. 

Plant selections were made as already described. A summary of 
these selections with a brief history of the parent type is given in 
Table I. These were grown in sterilized soil in the greenhouse in the 
winter of 1919-20. The results of the tests after one generation of 
selfing are given in Tables II and III. 
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TABLE, IL 


REAcTION OF INDIVIDUAL PLANT SELECTIONS FROM Witt-Free Priants (R), IN 1919, 
SELFED IN GREENHOUSE DuRING THE WINTER OF '919-20, AND 
PLANTED oN Sick SoIL IN 1920 


Killed by wilt Partially wilted Total 

Selection -- = —— -  -- - per cent 

No. of plants No. Per cent No. Percent of wilt 
SEs ie EN aMnsety at tee, sips acl x Ge aye ice 24 3 ree) 8 33-3 45.8 
ISSIR Lie nuvscheietenaic sl sisckce 6) eas 3 4 17.4 16 69.6 87.0 
IVE — ANIM aPMeney etiasere | sisnaiei"eirous\eveie:'= 13 I ay if 54.0 61.7 
PNR CURE Slee Mee gnde ye eriatela airaus feosvace 6 7 9.2 32 42.2 51.4 
IMItarcren ORM RN ice Roe Amick ose sis > ates 50 21 42.0 II 22.0 64.0 
WPAN Maye coins (ola tonars, 0 es 186 36 88.8 7A 221.1 309.9 
AVOGrage cs was CRORES cea Sree 72 17.8 15.8 44.2 62.0 
Eg Mies ett CRO ley ceo aes 6s 15 I 6.7 I 6.7 13.4 
DB ei geet ctw s chap nist ate sev esis cabs 10 4 40.0 2 20.0 60.0 
FS AINE in 0 SOR OCIA ene I L6L7, 2 B23 50.0 
Soy Ec OIRUE EE cea casa uoms eyes ce 40 8 20.0 7 42.5 62.5 
CIS ESS AS ONES Chel a gon ORCL Oe aCe 10 I 10.0 I 10.0 20.0 
BSR, tart pPspe er aue oe avtune s 15 ° 0.0 4 26.8 26.8 
Po hati fe Oe Sate SO ER Ee 3 ° 0.0 2 66.7 66.7 
PYSAG BRO. (hg oOo OOOO ees 63 13 20.3 I 17.5 37.8 
PIS E sg) a er 80 19 24.8 20 25.0 48.8 
PASE SONSS 9 Sen on ee 29 4 13.8 13.8 27.6 
SSL) Osa ae eee 9 ° 0.0 I II.1 Ue 
2 oan AG ns SEO Race ee I to) 0.0 to) 0.0 0.0 
Bk OR tees rct ods fe cucnerasburi= e+ 2 75 Il 14.7 23 30.3 45.0 
Be tT RN Rasa Giese alfa aioe aaa. 6 80 LS 18.7 24 30.0 48.7 
ee eNO IRS areas, Cia bas 6 Jo 40 11 27.5 7 7.5 45.0 
PASSAU S Saree Cn en ee 139 39 28.1 28 20,1 48.2 
BS eee ERR, chee tic cn he. ote. 6 nclnye! bliese: = 104 20.1 25 24.0 44.1 
Og a5 28 so, Seco ge ee renee 107 22 20.6 36 33-6 54.2 
Eee ROM aires iahaisis ping lee) eie ves 7 I 14.3 0 0.0 14.3 
Pe esl Sig eee ene 5 (3) 0.0 ie 20.0 20.0 
Eas 20S, OE SE ee ene ae 16 I 6.2 9 56.1 62.3 
eA a els iccly's ey siecm kw) s ete e's aT 6 8.5 32 45.1 53.6 
2S GEMS Ss Ai eee oe 2 to) 0.0 2 100.0 100.0 
EE reas Mm nits clfosle. cis seis 2 os 79 6 7.6 17 P| 29.1 
Zea AO nists Stiate aie celia teas a 17, ) 0.0 5 29.4 29.4 
25-7-37R BgR eters Si tckna)'< ae 17 2 11.7 6 35-3 47.0 
EER eee RM eRe in 2 ose iah<ieisiyie > "e 38 5 19.2 13 34.1 47.3 
P= HSIN. pA arp ee rat 69 22 31.8 I 23.2 55.0 
2S = a AOM marist a sieie tots els cove en 3 Ova 0.0 3 100.0 100.0 
EO eT Ram tesvst cree stc/sitjecwiaaef tel ise I 9.1 45.5 54.6 
BB TARO fel sieetsicise vestie reels 25 Pee 8.0 13 52.0 60.0 
Se Wer Ata wie te) ation) 0) sein (a Wray 6010 2 ° 0.0 50.0 50.0 
SSW Sy Oe By G Coens Beene 100 13 13.0 26 26.0 39.0 
EATEN acta al teyareishnisii-, ofeipyeie © aT Soe 15 12.5 35 29.6 2.1 

eA OIRO Me peice syn Giciereh aot +o es 80 19 23.8 26 2.6 50d, 
AEDS 9 ou Orci DS CO ero 55 3 5-5 20 36.3 41.8 
27a Gao po AtelbS Sa oeeD 69 8 11.6 21 30.4 42.0 
Pelee eRe eis stile sie a lave: eae = 113 aah 9.7 30 26.5 36.2 
25-7-52R ..... OS e NGI op 92 5 5-5 37 40.1 45.6 
PSSA Be bpodoeeaparedbdd 9 0 0.0 2 22.2 2222 
ER eae ee TPA de ccus oicvatsnnitie eter 58 17 29.3 20 34.5 63.8 
BR BSH Re oc lelecetecsire ci nilel these’ oy o-9. (06 12 I 8.4 9 75.0 83.4 
Beate eet ral diis cise wits ata, <a fe 'a/'=! wile 26 3 11.6 6 23.1 34.7 
“RANE gi AinG oles cere De ee 1920 3Il 523-3 563 1416.4 1939.7 
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TABLE I1—Continued 


Killed by wilt Partially wilted Total 
Selection = —— per cent 
No. of plants No. Per cent No, Per cent of wilt 

EF 5=TAUR Pee wae eens he 23 o 0.0 6 26.1 26.1 
L7s—T— oR) eerie x eke 45 7 15.6 16 35.6 51.2 
TST BUR. p ceerepremeerd eters ere arena 42 6 14.3 12 28.3 42.6 
TP5=I— SR. aetna ire iets veto 123 20 16.3 27 22.0 38.3 
T7SRL ATR cia eMntetere trac aieeye tains 48 3 6.2 5 10.4 16.6 
E75 — 1 O Nie er meper ener ayer cine celonten 30 5 16.7 7 PAD 39-9 ’ 
TESTOR a hiaatiennn ieetexel antes a 2 6 20.7 8 27.6 48.3 
Mico UNS I te as ee On DA 49 9 18.8 9 18.8 37-6 
OB pe ao de ho Lac OSPR 68 13 19.2 10 14.7 33-9 
(Ay feces) Se Seen ema, Tee aaa ON 12 I 8.3 5 41.7 50.0 
LA SRS vs aueieeens eee sys Mes yet 5s 8 14.5 19 34.6 49.1 
VG aIIVAS SAds bo Gagnon oF 35 4 11.4 9 25.8 Bie 
(ay ef ote= 160) SO ee J Peptic ayer tall I x 100.0 ° 0.0 100.0 
Mie ths. O Ike ies Wen sveyeieiysiers mises 12 ° 0.0 4 33-4 33-4 
1G Acer DMA Be ORE nS OeO Cid 4 2 50.0 to) 0.0 50.0 
Wy staple fae BAAN ISY PeRA aetOP NL I ° 0.0 (0) 0.0 = 0.0 
LURK I— OARS Unb amy crete nutes 60 6 10,0 i 8.3 18.3 
HESS eho eA SLO Or 33 2 6.0 5 15.2 21.2 
tt eae aS mures itn Cy MOR 41 6 14.6 4 9.8 24.4 
WS ST = 3 Gune oc aie amunuaue a obses te Ryne 40 I 2.5 4 10.0 E255 
Be Smet ER Vania odin nyiaeta lay eteenieliey ea 38 8 20.0 I 2.6 23.6 
7 S=- 13 Gk a eee ei pimeie ie 29 (0) 0.0 5 17.4 17.4 
E75 7 RG «ray en Saneketate tute fetoret 78 2 3.8 10 12.8 16.6 
Glee Bmp ae a DGS OS 52 I 1.9 2 3.8 57 
SE AOU UL uiavayave thsre weenie eta 4 to) 0.0 ig 25.0 25.0 
T7S— 14 Ra chet ieee le attns cis 6 to) 0.0 2 33-3 33.3 
TTA SIR seal evans aaietacersertiawraia 63 6 9-5 4 6.4 15.9 
EUS eA RR | | eata sah stasis taliwtetaante 58 7 Pers 4 6.9 19.0 
A lI, Wide A a eviet arlene yeyete xe 9 to) 0.0 te) 0.0 0.0 
M7 CARS © o lalgtedy cme etene ine conan 10 fo) 0.0 (0) 0.0 0.0 
M7 Sr TAG) rida a aypedecticote ie 29 4 13.8 5 1738 EWA 
Fora t OUR Aas ons tetas ta eet 30 2 6.7 3 10.0 16.7 
NGOS OR Seite aqsaers ue P as pamnge 62 4 6.5 9 14.5 21.0 
1S AL ON 5 Se EP ORE Mee A 29 s 10.3 2 6.9 17.2 
ame er ef FR assy et aedare vant on veto etotees 36 she 30.6 2 Gaby 36.1 

SOLUS AD Girt pions Pa OTe NeSae a 148 460.3 205 547.9 1012.2 

PANS. God 6 land Oe 36.8 4.2 13.2 5.9) So 29.0 
BR ety hsccey or ure oem ape meatier as 62 4 6.5 29 46.7 ist} 
Me gar UG et eaMiechr oso cera cern hc 117 24 20.6 41 35.0 55.6 
Cys = DEG inwsuowa seins cache 7 D5 97 or 21.6 33 34.0 55 6 
Cian afl as RCN pe RPM near 39 “A TO.39 14 35.9 46.2 
OWSTE OR Seige aim efeleusea en ee 119 14 11.8 62 San 639 
CL QIN ee avsiens rd saaitee ss omags eieel mee 18 2 DL. D 5 27.8 38.9 
UST NOI ite ede alart-a ah apeayers 34 I 2.4 9 26.5 20.4 
Che piel Alyn nithoon Patron One 69 17 24.6 44 63-7 83.3 
Qua eRe tory. on aba aes 38 ins, Bas 6 T5a7, 21.0 
Ope siesiiet R aelo anti s a0 t9 DO m 49 5 10.0 13 26.7 36.7 
OSD TAR ew Fea cere ere eeets ayreval sleaee 46 4 9.6 3) 28.2 36.8 
HESSEN RG) TANS Dilrat Orne DP MELOO 142 V3 9.1 38 26.8 35.9 
GET Olay ts darete Awe nics etry aac aver gi 13 Tac3 48 52.7 67.0 
SLY EROS eanagn aWe tte ate aieaeueteerene 143 14 9.8 iS 40.0 49.8 
OMT BO ED Fa sreserece cree etacnnntes, ope erate 50 5 10.0 31 62.0 72.0 
(ogee des-yoyl Re even e Preeeta aire hactine- nacho Tas) 20 17.7 82 72.6 90.3 
OTS 22 Ries cea vi cteleiolee age e eve: 24 3 13.0 II 47.9 Goon oh 
Qe 9 a eat cas ci eee aa nak - 28 (o) 0.0 13 46.4 46.4 
ORS LSeg de> sextet tepena a cere 23 (0) 0.0 0) 43.5 ‘ 43.5 

\ 
FOCAL eran lorcicteraretatetceskebers 1302 166 208.2 559 784.2 991.4 
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TABLE I1l—Concluded 


Killed by wilt Partially wilted Total 
Selection per cent 
No. of plants No. Per cent No. Per cent of wilt 

metre M mn enaedic sanity wa) x) 376 22 3 Se 10 45-5 59.2 
PAE ARCS Meateyay uety << avs ete c\ls.05svei 376 101 4 4.0 30 30.0 34.0 
i Ea Ca rot SA) a Ae oc oe ea 138 9 6.5 41 29.8 36.3 
Pres Neee SON cet eee eR MEE ves) cae, Seah Fac 137 4 3:0 48 35.0 38.0 
ATO DR al fefwuet a: eye ers) 3 0 does = 63 I 1.6 14 22.2 23.8 
pt Vice CAs AGS, > eae ee eee 64 2 got 15 2305 26.6 
GEE SUS « BN, BIS eee RC eR 48 4 8.3 17 35-4 43.7 
ine Weert PE ats Ueda eae ecg es fos ache, x 39 Gf 18.0 13 33-4 51.4 
PA Renee Rt tena schol eee) i islsh.a',20s 72 3 4.1 13 18.1 22.2 
Dy celica BNR ira ste eal ets ta eG, cused)» 45 2 4-4 16 35.6 40.0 
OF Ar BEE OEE ate hayes ee ie a) sesso wie aie 39 3 Va 10 25.6 33-3 
Ae ree BOS NSM ANS pier ash ete) 5 sate wie 28 94 4 4.2 22 23.4 27.6 
PA Oa Ns 2e 0 iy) alin (aor (6y/e.c8 141 20 14.2 62 44.0 58.2 
AORN als cist rice: fos 's suare 32 2 6.2 4 12.5) 18.7 
WEN LS eri eae ee ee 27 2 Ce I 3-7 sep uae 
Ae EAN ys ig fi osieue Sey id ox) Pay + 40 4 10.0 12 30.0 40.0 
Fiala Ree UR OS Gita xe (TF =) oi eiceras'e ix oe 22 I 4.5 8 36.5 41.0 

PCAN Mer etarea:>.S svernjare «3 1124 75 120.9 336 484.2 605.1 

IASET ESS, 0 Cea eee 66.2 4.4 a! 19.8 28.5 35-6 
TI—o9=15-1-3R .....ceee ese 118 38 Bag 25 Poe Bans 
Il-og-15-1-5R ...........-. 27 8 29.6 6 22.4 52.0 
Ti—o09=15=1-6R. «... ewe cae. 98 25 255 45 45.9 71.4 
1B ayo} o nat cy fl. 82 21 25.6 21 25.6 51.2 
Il-o9-15-1-8R ..........4.. 09) 29 26.6 18 16.5 43.1 
SCO SGT ON Miatett ery «= a Z 66.7 ° 0.0 66.7 

“CCU a ee 437 123 206.3 109 131.6 337-9 

DRIES E Mecada tare vis! =%ace sig 73 20.5 34.3 18.2 21.9 56.2 
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TABLE III 


REACTION oF INDIVIDUAL PLANT SELECTIONS FROM ParTiaALLy WILTED PLants (PR), IN 19109, 
SELFED IN GREENHOUSE DuRING THE WINTER OF I919-20, AND 
PLANTED ON Sick SoIL IN i920 


Killed by wilt Partially wilted Total. 
Selection —- per cent 
No. of plants No. Per cent No. Per cent of wilt 
Miag=7 iP IR casi citeacoeiaiecs steal tere none 83 10 12.0 31 37-4 49.4 
I SE SIP Re racenagrenetetet iss ene eres 56 2 3.6 28 50.0 53-6 
1M Bote oy all SO ARTEL a Carne, Dron. ERC een 81 25 30.9 2 51.8 82.7 
Mia B10 PIR Ss ee rereraeee eter seys 52 I 1.9 18 34.6 36.5 
Mita = rie PAR raapretaperetiiote is vtelelere 14 3 214! 6 42.9 64.3 
Nias =7 2 PRs bor rereiels oearcsstnys tetaters 100 12 12.0 27 27.0 39.0 
EE ep uc ad eae ents aici ARR TS 25 4 17.4 8 34.8 52.2 
Mike Sg PUR ora entple eaerosteete ears 80 15 18.7 35 43.8 62.5 
IMD a Sib PUR sy ver crannies are ears raven 87 32 36.8 44 50.5 87.3 
IMA SEROIRIR” Sivas ins lotieiseiior 15 3 20.0 8 53-4 73-4 
WLSE TER: ai yascniene erat rensttrets 19 3 15.8 5 "26.4 42.2 
Ago ZN IRBetoRe Berens oe cL, cho Grecne 612 110 190.5 252 452.6 643-3 ; 
AWELave’, Benin cede 55.6 10 L7.ge) a 11.9 41.1 58.5 | 
S572 7 PR Sig ess isis anes 44 6 13.6 II 25.0 38.6 
PFO eer tell ofl (Ces BSA ADE IO 99 17 17.2 32 Bak) 49.4 
RSTO PR w Gi sicieysielels! ele, arescwriee 8 I 12t5 3 37-5 50.0 
DWH 3,O PIR Dy, setenehs eietatenoteeuenel 76 12 Say 20 26.3 42.0 
ADKoy 2) tered Gane achot nichanen NCIS tio.t 227 36 59.0 66 121.0 180.0 
AVEFACE “ae a le reaps 56.8 9 14.8 16.5 30.3 45.0 
Se GeO Ree reccruneinventeions st aupiere 66 51 76: I a 78.8 
NGG ara TOIRG Ny ev alsa strate) olepeartstoes 42 ; 18 42.9 4 9.5 ge a 
7 Se UO EVN: «= ate oeiigiere ci sheucnstons< 25 4 16.0 4 16.0 32.0 
Total». race ene serene ne 133 73 136.2 9 27.0 163.2 
UAWer aE ers ec mc ralhsteke les 44 24.3 45.4 3.0 9.0 54.4 
OMI SZOP Ry aki a vi vesseneteccnee teens 103 8 Hct 38 37.0 44.7 
FA mi 2 ORR pet ey seas eteT SON. ay re 8.0 II 22.0 30.0 
Sp dean 7 EN IRM wc hchraio vs ich tol mete ore Cee 40 4 10.0 194 25.0 35.0 
ASE =2 Ob Rik. notin Geka atengon rae 49 2 4.1 II 22.5 26.6 
WAHU=29P Re ads tetetone eens syens 128 VA 5.5 35° 27,2 B27) 
Sota ateesks sewerage 267 17 27.6 67 96.7 124.3 
PA VOL ARE alors in seieksy cil eve volte 66.8 4.3 6.9 16.8 24.2 Zr 
TI-o9-15-1-11PR ........... 27 9 33-3 3 II. 44.4 
Tl-o9-15-1-12PR ...-..2...-. 33 6 18.4 13 39-4 57.8 
TI-og-15-1-14PR ........... 142 53 37-3 80 56.4 93-7 
Tl-o9-15-1-15PR ........... 60 10 16.7 209 48.3 65.0 
TI-o9-15-1-19PR ........... 114 4t 36.0 au 27.2 63.2 
Il-o9-15-—1-—20PR ........... 95 32 33.6 51 53.6 87.2 
TI-o9-15-1—21PR ........... 120 49 40.9 48 40.1 81.0 
EOGaT iw eptoetass caste ate e males 591 200 216.2 255 276.1 492.0 
ANS Era pe: Mane asttorte-sa eters 84.5 28.6 30.8 56.4 39-5 70.3 
=a 
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TABLE IV 
InpivipuaL Prant Serectrons Mapr 1n 1919 FROM Resistant Prants (R), SELFED 
For Two GENERATIONS IN THE GREENHOUSE, AND PLANTED 
on Sick SOIL IN 1921 


Wilted 
Selection 

No. of plants No. Per cent 
INRA 5 2h5 2 sic -dintolesc Ca ORCI TERA ne ERIC Ee RE oR ae 40 40 100.0 
Renee et Pes al aise, bisa era's otehalism)s piel. 61 3 4.9 
Ls eee eM er tetcy a) nici veny erat aliclsriu Gide vty Sree saw roe 30 3 10.0 
CNDUS ace 9 A PAS Gaetan en ea en Oe 131 46 114.9 
ESSERE ~ SION St ce ee 43-7 m6 .3 38.3 
PQ i ERS Ee) Ah. AOL REMOTE RCE REEL a 6 to) 0.0 
Pee SEM Reeser cre crete seal es oe Eon ee wie Bye eae ew 8 41 3 7-3 
2527-7 R- fet ewes Sa Seo SOLE ORS. PCR Ra ene 13 t) 0.0 

Face ate aT RMN et ony Pal <ifajscajadiete.c as: viele ee lad afeieie 0 62 9 14.5 | 
een emer cte ithe ete ele) ch'e. ri(o, en syeiein seers. 6 scene. ahs 2 I 4.4 
BRERA WTR, 3 Lave Fue deen 6 PAREN BIE Ee ene 36 3 8.3 
ca ae RAMMED MS LaF Nevers eh start c vehi a)s a) aleve ie. cere alsa 14 I By ee 
BESSA “od ASEH Gb On OS CER ee ee ea 60 6 10.0 
Be ee ee icicles a) sv eae preqn ave een 15 I 6.7 
Se eee Mee ietie ovafeiehchaci rel pis. © edie ele leseieserare eae 13 3 2.3 
DYAZALAR 5 35.5 Be sic Oe ce CC ERIE Renee nee 24 2 8.3 
2st OLR. © Sc. s aidyh ches 00.010 OS Onno 9 ° 0.0 
en AMM MME Ee seta cliclia: Se As co “<:.0 5 Go vba jeiratene ace'se 28 5 17.9 
SEO Se 2c a. Rene eee 34 6 17.6 
Bite eave "eyes ee CEE COD OIRO CER ER ER En goo 5 i) 0.0 
FSP eae aT Meh eR oP Cac] cick eyasp el ni'p wie\le. eso feel'e care needa 74 I 1.4 
DAGMAR, 2 hicccud eno. Coe ene 31 2 6.5 
Ap dEUS poh Shey Se ORE 30 6 20.0 
SL PASS SESS 3 2 66.7 
Soba MOR sae po oetole bleu Ge Oe en eee 38 8 21. 
WO) MRS nt Pe eM etsavdfe sits apes) sco a's, sue eae woe Se 559 59 220.2 
PENS TCT! CM UME MEE A pc Je(e\vie, a) ays (o Sitei level ava. Oma x 28 3 11.0 
Ute aM ew als iefnsols\ io clas achiditne We agian 65 I 1.5 
Wye 2 oy ais rain tele © ee cn 28 6 21.5 
R751 co Sun oi 8 6 0 OngeO Oy ee 45 15 33-3 
Tin hah BAO ee er 29 5 D2 
2h aS A ie aio Set 83 6 7.2 
eee ree es ces wie eos \hh ra syee wiieln ie we ed 44 3 6.8 
NODA NW SEISUNC 8 Steet Fo nee 79 24 30.2 
Apt SIRS city 2 Gch, CTO, ERC eRe REECE 30 4 13.3 
WYSE RAR Gacy ed Oe 20 4 20.0 
Gees a eps Ga p-nieepeg SomobnOo AN BBS fae QI 12 3.2 
lye GIR oop: nhc 8.5 OS OE Oe 13 5 38.5 
OLS 2G Sn er 44 18 40.9 
NPG RAIL dees 5 oe Oe BE ye 7 2 28.6 

ee eee H Rata cis visiviein) sheers a) sees ee rinse a) eee 21 9 42:9 } 
re ARIMA theietis Sols) eye tra abe aide aye ave aie 6 ata 49 18 36.8 
SOMME Ta et Pcheielo if eveis.c, <0 eb! eiateva ovis ete aa 77 19 24.7 
Sa eA ARC MIC SCoPE paves relate ais aie-cistels:3 aie <-a-e-at aceravas 24 Ii 45.8 
TY Sn =CESIE Se 8 6 hd DI ee ps 36 50.7 
eee RCo iactcyiege oti, s/o /sfa a ie)x'le Fc SBS ARS eee 96 44 45.8 
eR EMR IE cane py techn a ia)s ieee ciel o.seyav'eoia es are ye 0.0 86 34 39.5 
e eimai NIG Mew er che) e¥euaiinyaiacStarenn te ca sailaus <cscae ens ye ea 14 6 429 
Bit Teme a em hoes ia! tee senaricay avert alntiversheriait ts ahereiarevecee =» 51 19 37-3 
TE ESeSATR Yo 3 aire ese fo ays "eas < o pire eee eee cece ewes 34 15 44.1 
Otley ern re siete aie toate lewis aeiat a IIOL 316 682.7 
J SUGIRETEES 5 eg b Sie RORY COE ETC 47.9 1307 29.7 
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TABLE IV—Continued 


Wilted 
Selection 
No. of plants i No. Per cent 
O1—1=3 RY Looper 50). Sake Gh SOTTO CREA EON PETC 36 29 80.6 
CS tae Re tos Gh cudeht SPCR Be CA OO OE RO B2 23) 72.0 
QUT OR serie canna eee NSIS AE le ber ien a Cae vince LON ae 48 34 70.8 
OITA FR Raw ieteaeet Reha ets oeies meh itn, leks ettere ate 37 23 62.3 
ODT GIR snes stearate reuoe ah bacsiietel cadpouctetays fecergiier alae sta 40 23 57.6 
OAH TBI os si ayeteyeyetevenct at ai ox aifel'snsuoahes eveve'disis wove Ste ate 45 31 69.0 
Gime ts Ross tenemaeta tt thet erste ora tara Tienes 23 ie) 52.2 
OT aR! HE erated sates encase agers eh wl ese bea tates en cwtints 53 38 71.6 
Lead Mit crs cy zy ReMi e aareiess custibe vse! ten anedercdiretectveyn a 22 16 72.8 
OMT TB RG cee seus crete eae eral rota aoe sgaetevane-srsuer tiers 39 14 35-9 
OMiadl — TOR da cirnpiincreretsucteumsavetened vehate los oka nas Meher iene te 24 16 67.7 
QU EMEs Takeo ab hacalect OP nie shay sy arte Nare al eine eatick ater awcteianaere fats 20 17 85.0 
QRS O tiga see apie, ate eikerel ec sakerel oka enailal sue ahohe tismeeerohers 39 24 61.5 
QLHT 2B Ree ware eye fo sap stavotopemueiousvevaue carte negate lace oats 49 13 26.6 
I Meee Alto tundveye wae ches lorcemeg acer mai ueraietens lV mee ceree tans 33 18 54.6 
ML Obra LV oe Mare Caves teas ave sheet mh cteaset ay aaa eet 540 331 940.2 
VOLE RE * a ilivvs sionakeiels oes e HAMS, Rice rvalente Ghee sue 36 22 62.6 
Are AR: 2d ss fader slonase Skate. Syed site sa spake sou. cies ai ce baat R ee 13 6 46.2 
PASTS A 2 Ugcnctecaese asi fee de vecchtieieters tuaacee aveisucrtrentitae 73 20 39.8 
FAT BIR * eee isedalare atthe alage, sib, 2 te ae non eee ena a eT 19 4 21.0 
TAS HO RD Mev upe) toga Miia he ate «ge iave aust nacReNe ae ee eae 51 r3 ise ts 
UA eos Se tll COME Ea Bee ICRA ESET SELS CRAP Rec me RCi ONC ETC 22 6 27.2 
Aca t SIRCON cae syste reenetote omesanete oy erarclele atom ae rei tent enheLs Al II 26.8 
74-1-16R ..... ahah gion moeleoe Send fdyand erat Wests, epee 3 3 100.0 
| Far U2 WR ass css wie eee: = Sop relesis eat ahs lon seas pices eevee 19 8 42.2 
I | Ae IRE Gstere ouseifees Wermieyora viatsie sier=ne Pree ee ae 34 5 14.7 
FEHR om Yrelen Ba NOS SUD OCR NOS URES OF Bas 23 8 ; 34.8 
GLE SNR Si ei Rone SRE EONS RPA IC bg er GC ho 60 14 23-3 
“REN ater ince Sane, CMR ie os Mit rks oe 358 107 401.5 
UBCEACE: )-siaiautiraee yea eetin ae eects ae, ented we 32.8 9-5 36.5 
Oe Mag = ETRY he as, Hehe eters ank-o anient see aya eee 28 20 10.7 
Pel Wgieebe 0318 se scapes Rihte, 2 = Feed tres ea eteanie tune auc teaars 2 50 96.2 
WSO SUSHI S Re pecans to so scheraevsracs Beaten oe fotees 21 Ps 100.0 
IE OOHRG IORI o trae s aw Glovaceresenae ate Se ee 93 69 i 64.5 
HPSOg = hs S=yURE Be. ot. seas mean eoe secs ye 38 38 100.0 
EIS OOS Ts t= RAY ons cede hers ate no nae Gekv ane eae 14 ‘ 14 . 100.0 


EV o5en SF = TOR Sie Gas aarcsta, Oa vee ae ete ne noes 18 13 72.2 
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TABLE V 


InpivipuaL Prantr SELEcTIoNS MapE IN 1919 FROM Partty WILTED Prants (PR), SELFED 
FoR Two GENERATIONS IN THE GREENHOUSE, AND PLANTED 
on Sick Soin IN 1921 


Wilted 
Selection 
No. of plants No. Per cent 
IN SE SELEM RE hig sg Gro: RGN. Rt Eto aCe EER RENNER Pc 62 I 1.6 
NURS PNT 0 tie eee ie Poo a ee 24 5 20.0 
ENTE SIUCEDR eet areie e cosveteiaie eirup axacctel = ees Soh oe eons 44 16 : 36.4 
Bes Cesare eae ern ete osiccre eo. slvnsbihe, peceiee ss 8 20 20 100.0 
INTE eect od evar petavens evictsteteta ots laser's rere. Gcvsvena be hcapiiecavene 90 37 41.2 
ENT mete fb car one ah eailic aiychey espace eva sycytyaibant eee ee: dissed 34 17 50.0 
IRS th MU trate iecc is sl(srayal ors: 6s vars) spepsie) aretevacst aceievs 274 96 240.2 
BASU AIG CMNe te Reres es Gaeev aire hes io) sacs ie ee aie sine tate cua 45-7 16 41.5 
Bie ee OE RM aie Rete be in esate fei ae Niece sce aula 20 I 5.0 
Sree ae Ua tay PST etsy BG wae Fah) hates s.'0 50. wee wav ai’e ‘a 16 3 18.8 
BPO MEME a CRE sal Sten) ote ese («o> ol vw asso. p'@-eneiese, 36 4 23.8 
PLN SES. 8 Sadie ddl ROO NRE eee ED 18 2 11.9 
WHS DOAN, Sn 8.0 dip So Me a0 OTR ao oa See 13 2 15.4 
BS SSFP 5 5 6 Gn OOH CAO De OO RR Ieee 71 10 14.1 
ALGUNOS 6 cd.6- B06 GIN 0 0 CLOG CEE CREE CR ROR RRR 84 12 29.5 
LGB ICES 3 Oe Oe eae Ronn 42 6 14.8 
oth PRES, © 6 Ce eee RO oe 24 12 50.0 
HEE DEI 5 oho oo CAE DME eee 9 to) 0.0 
paneer a REE ee nO AIA eee tellers cide) accep: aac sudca tae tea are 34 9 26.5 
FEUER - 5.65 06 HO COS 6 CRUE ae 53 20 37.8 
FHA BOL IS a eS. cerpleta co eee ae RCC ene eee 14 6 42.9 
at AOE er alter 3.000) scaiies a waa Wiaseraiarate se 110 35 107.2 
JSST EYES © 22.4 Gente cro OEE Ea ao 27.5 8.8 26.8 
tC Dee Dee Scie coe press Sieotieus'pin cies eela ewes 57 57 100.0 
HUES Cy eager OE UN fate ech ite cisnaijesc vis is wv ecela sevens avavele 101 96 95.0 
ILI oig. 3 Sid DI ee en 31 30 96.8 
COOMOL. 2 Sis eiaAy Roche ee 189 183 291.8 
DS STEREAES pico Suret CC ERROR ee 63 61 97.3 
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oL9 LLL z‘gs ole Sve bye Lev Vs 9 Uw 1-S 1-60-JT 
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0°62 8°92 11e ove 6-9 orl LOE v v Ud 
I'Qe Sof OSE S'gz pe, gse beri -- IT ZY UW 1-bZ 
gr £95 93h z6r F6 ISVIIAV 
eLP ors Lv oe LL. oe £01 I a Vd 
SoZs 9°z9 bes but OTL ofS ZO Si 61 U I-16 
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TABLE VII 


CoMPaRISON OF ProGENY FROM WILTED (R) anv PartLty Wittep (PR) Frax PLants 


Parents 

Selection Year — — = Deviation Dt (D')? 

R PR 
M25 1920 62.0 61.5 —0.5 1.63 2.65 
1921 38.3 41.7 +3.4 2.27 5.15 
25-7 1920 45.1 45.1 0.0 1.13 1.28 
1921 II.0 11.9 +0.9 0.23 0.05 
175-1 1920 28.9 54.4 +25.5 24.37 593-89 
1921 2027, 14.8 —14.9 16.03 256.96 
9I-1 1920 52.4 44-7 77 8.83 77-97 
1921 62.6 50.0 —12.6 13-73 188.51 
74-1 1920 35.6 Biet —4.5 5.63 . 31.70 
1921 36.5 26.8 » ey / * “50.83 117.29 
II-09-15-1 1920 56.2 7 +14.1 12.97 168.22 
1921 77-7 +19.6 18.47 341.14 
{ Totals +13.6 1784.81 


Mean deviation = 1,13. Standard deviation, 12.19. 


| 1.1 
| — ea =0.09. When Z=o0.1 and the number of observations = 12, from Student’s 
12,19 0.6269 
table it is found that P =.0.6269. From this the odds are found to be or 1.7 to © 
in favor of PR parents being more susceptible. 1—0.6269 


Odds of not less than 30 to 1 are regarded as significant. 


TABLE VIII 


CoMPARISON OF PRoGENY FROM R anp PR in SELEcTION FROM II—og~-15-1 FOR 1920 AND 1921 


Parents 
Selection Year — Odds 
R PR 
II-o9-15-1- 1920 Baes 44.4 
i 1920 52.0 57.8 
" 1920 714 93.7 17 to ¥ in favor 
4 920 ee 65.0 of PR parents 
1920 43.1 63.2 being more sus- 
1920 66.7 87.2 ceptible. 
I9Q21 oa 10.7 100.0 
1921 96.2 c 95.0 } 
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TABLE IX 


FoR ToTaAL PERCENTAGE CF WILT FOR INDIVIDUAL PLANT SELECTIONS 
FOR 1920 AND PERCENTAGE OF WILT FOR 1921 


CorRELATION TABLE 


oe aly ee Se ESS ye SS OS 
5 D I 4 4 3 6 2 21 
15 2 I I 3 2 I 10 
25 I I 3 2 4 2 I I4 
35 I 4 I 3 2 II 
45 I I 2 5 I 10 
55 I I 2 2 6 
65 I I I I I I 6 
75 2 2 I 5 
85 I I 2 
95 2 3 3 I I 10 
. SO Seiya a Te Ye oe 


Coefficient of correlation = 0.353 + 0.066. 


Table II includes the observations made on the number of plants 
produced from wilt-free parents in 1919, on the number and percent- 
age killed by wilt, and the number and percentage partially wilted. The 
record of the number of plants killed outright was kept separate from 
that of the partially wilted plants in order to see if there was any 
tendency for resistant parent plants and partially resistant parent plants 
to produce partially wilted offspring. 

Table III is similar to Table II except that it deals with the progeny 
from partially resistant instead of resistant plants. 

It is apparent that, because of the comparatively small number of 
plants produced and the extremes of the variations, no reliable con- 
clusions can be drawn as to the significance of the results recorded. 

Elsewhere a further analysis of Tables II to VII is made in com- 
parison with other results. 

Table IV gives the results of the test with the progeny from re- 
sistant plants, after two years’ selfing in the greenhouse, when tested 
on sick soil. The total number of plants is given, together with the 
number of plants wilted and the percentages of wilt. 

Table V gives similar results from partially resistant parental plants 
in 1919. 

The percentage of wilt for 1919 was not divided into wilted and 
partially wilted as in 1918. The percentage of wilted plants was noted, 
however, as in the preceding year. Notes on the percentages of wilt 


——— 
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were taken each week or ten days from the time of emergence to ma- 
turity. In 1921 any plants which were so badly wilted that they pro- 
duced no seed were recorded under wilted. If all partially wilted plants 
had been included the percentage of total wilt would have been some- 
what higher in 1921 than 1920, owing to the very high summer tem- 
peratures of 1921. The frequent counts necessitated considerable work 
but, it was thought that the study of the progress of the disease would 
justify it. It was originally intended to analyze these data on the 
sequence of wilting, but there were so few that the analysis was not 
justified. The records from the 1921 tests indicate slightly more uni- 
formity than do those from the 1920 tests. From these two tables alone’ 
few definite conclusions can be drawn. 

From Table VI, which summarizes the data on individual plant 
selections for one and two years’ selfing, several interesting conclusions 
may be drawn. There is little evidence of any correlation between 
“wilted” and “partly wilted” plants produced in the 1920 tests, or of 
any correlation with the fact of whether the parents had been resistant 
(R) or partly resistant plants (PR). Furthermore, an analysis of the 
entire table indicates that the progeny of ‘““R” and “PR” parents were 
not essentially different. The only exception to this conclusion might 
be found in the selections from 11-09-15-1. In order to test this the 
results for the 1920 and 1g21 tests were compared by Student’s 
method and results are given in Table VII. There it is seen that the 
odds are much less than 30 to 1 for either the analysis of the 
progenyecomeeallo Rand “PR” plants, or even for those from 
T1-09-15-1 alone, which are likewise analyzed in Table VIII. It is 
true that the analysis is not based on a uniform group of figures, but 
the figures are sufficiently large to make the conclusions fairly reliable. 
The explanation of the fact that resistant and partly resistant plants 
or that wilted and partly wilted plants can not be sharply delimited may 
be that Fusarium lini is only a facultative parasite the pathogenic- 
ity of which is influenced profoundly by environmental factors. Tis- 
dale (21) has shown clearly how strongly soil temperature affects the 
development of the disease. Consequently, conditions seem to deter- 
mine to a considerable extent the amount of injury which any particular 
plant suffers. It must be borne in mind that resistance to wilt in flax 
is only relative. The most resistant variety may wilt under severe con- 
ditions; while relatively susceptible strains may escape the disease in 
sick soil under certain favorable conditions. According to the figures 
in Tables VII and VIII the “R” and “PR” parental forms in any one 
group possessed approximately the same degree of resistance as was 
shown by their progeny. Each group seems to possess its own mean, 
and in comparing it with the mean of the parental form in the group 
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tests in Table XI, this mean has not been fundamentally changed by 
selections from wilt-resistant strains established by individual selec- 
tion methods. Equally, there is no question that a new mean has been 
set for the selections made from M25 and from 11-09-15-1 in which 
more than 95 per cent wilting occurred uniformly before selection. 
Both these facts seem to be particularly significant in connection with 
a pure-line explanation of wilt-resistant varieties. 

In Table VI is suggested the possibility of a correlation between 
the amounts of wilt resulting from these selections in 1920 and 1921. 

Accordingly such a correlation table was made, Table IX. The co- 
efficient of correlation was found to be .353 + .066. In view of the 
modifying factors that must be taken into consideration 1n comparing 
the wilt produced under field conditions in any one year with that of 
another year, this correlation appears to be quite significant. This 
brings out more forcibly perhaps than any other single analysis of these 
individual plant selection studies, the possible pure-line basis for inter- 
preting the inheritance of wilt resistance. 


A STUDY OF VARIATIONS WITHIN INDIVIDUAL 
SELECTIONS, 


Several individual selections made in 1919 were reselected in 1920. 
This was done within selections made in 1919 from non-selected vari- 
eties, M25 and 11-09-15-1. Each plant that produced seed in these 
selections was saved, classified, and labeled as wilt-free (R), or as 
partly wilted (PR). The seed from each plant was sown in a five- 
foot row in the plant pathology plots in the spring of 1921. In every 
case reselection seemed to be without effect. These plant rows, while 
varying considerably as might be expected in dealing with wilt resist- 
ance, were remarkably uniform as a series. Each series, however, dif- 
fered markedly from the neighboring series, even when both were 1919 
selections from the same variety. There undoubtedly would not have 
been such great uniformity if a larger number of 1919 selections had 
been taken for further analysis, as some of these probably ‘would have 
proved to be heterozygous with segregation resulting. A most striking 
example of the uniformity of the reaction in the reselections is shown 
in Plate IV. On the left is the progeny of M25-14PR, which was 
obtained from eight plants, seven of which were marked “partly re- 
sistant,” in 1920. On the right is shown the progeny from M25-5R, 
a most vigorous plant that stood out in sharp contrast to the rest of 
the susceptible plants when it was originally selected in t919. Plate III 
shows this original selection. Seed was obtained from 43 plants which 
it produced in 1920. Each of these, 27 of which appeared to be wilt 
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free, were likewise planted in five-foot rows. The average percentage 
of wilt from these was 29.7, with the progeny from (R) and (PR) 
indistinguishable. The remarkable contrast between the progeny from 
M25-5R and M25-14PR is shown in Plate IV. 

These studies seem to indicate at least two facts. (1) The orig- 
inal selection is the important one; subsequent selections, unless the 
plants are heterozygous, are of no avail in changing the resistance of 
the selection. ‘There are different degrees of resistance in the 
original selection. M25-14PR produced some seed.in 1920, and the 
selfed selection from the greenhouse produced seventeen plants in 
1921 which, while not notably vigorous, produced some seed. Certain 
very susceptible varieties. never produce plants that are able to grow 
beyond the very young seedling stage in sick soil. In accordance with 
Tisdale’s (22) interpretation of resistance on the basis of multiple fac- 
tors, it is probable that M25-14PR possesses only a part of them. 
(2) Resistance is not a character acquired by plants only after having 
been grown for several years on sick soil. Such selections as M25 
appear vigorous and resistant as they occur scattered over the field 
the first year they are grown on sick soil. These retain their resistance 
in the immediate or successive progeny, and if they are “pure,” as 
they appear to be in certain cases, resistance is not further built up 
and is not accumulative by an association of the host and the pathogene 
as has been commonly supposed to be the case. 


IM EL SOR SHEE CTION 


The preceding tests have indicated some of the limits of selection. 
It has been a rather common opinion that resistance could be developed 
in any variety by selection; Bolley thought (5, p.179) (6, p. 181) that 
by growing an extremely susceptible variety on lightly infested soil, 
making selections there, and then transferring these successively to 
increasingly heavily infested soils, a high degree of resistance could be 
built up. This has not been thoroly tested in the experiments recorded 
here, but observations do not support this opinion. Seed of C. I. 
Nos. 186 and 190 grown at Mandan, North Dakota, were fur- 
nished by the United States Department of Agriculture. Several 
rows of these were planted in the plant pathology plots in 1919. One 
hundred per cent of the plants wilted within two weeks after emerg- 
ing from the soil. There was absolutely no indication of resistance, 
quite in contrast to Minn. No. 25 which was grown as a susceptible 
check. The latter usually developed from 95 to 100 per cent wilt, with 
an occasional normal plant; and frequently several partly wilted plants 
which produced seed. The wilting usually occurred throughout the 
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season, a few plants being killed in the seedling stage and others 
following. This might be taken as an indication of a certain 
degree of resistance. There were no such indications in C, I. 
186 and 190. However, the two latter were planted in a field in 
which so little wilt developed that Minn. No. 25 produced a fairly 
normal crop. Only a few plants of C. I. 186°and C. I. 190 survived. 
These were saved and seed was sown in sick soil in the plant pathology 
plots the following year. Again they did not get beyond the seedling 
stage. Three of the plants which survived from C. I. 186 were found 
later to be rogues which apparently resulted from a mechanical mix- 
ture of the seed. They were of a dwarf, much branched, almost pro- 
cumbent type, highly resistant, but they in no way resembled C. I. 186. 

These observations, in conjunction with the more detailed studies 
of individual selections such as were noted for M25-5R and M25-14PR, 
led the writer to conclude that resistance is either present in a variety 
or absent, and that if absent it can not be acquired gradually by the 
association of the plant with the fungus. It must be remembered in 
this connection that true resistance to a disease like flax wilt and dis- 
ease-escaping qualities are not always easily distinguishable; but at least 
they should not be confused. 


EFFECT OF CLEAN SOIL ON LOSS OF WILT RESISTANCE 


Whether or not wilt-resistant varieties of flax are able to retain 
their resistance only when grown continuously in the presence of the 
disease-producing organism, is a most important question. It is of 
profound fundamental interest in relation to the nature of the inherit- 
ance of wilt resistance. It is obviously of much practical importance 
also. Bolley’s (6, p. 177-78) studies of flax wilt led him to conclude 
that the growing of wilt-resistant varieties on non-infested soil re- 
sulted in the loss of the wilt-resistant qualities. In view of this it was 
advocated that a sick soil seed plot should be maintained. This pe- 
culiarity of disease resistance has been the subject of considerable 
discussion and interest among investigators. Jones, Walker, and Tis- 
dale (15, p. 31), point out that in cabbage yellows, which is caused by 
Fusarium conglutinans Wollenw., it seems inevitable that in all the 
resistant strains there is a tendency to progressive reversion with a 
consequent loss of disease resistance which can only be met by con- 
’ tinued selection from plants grown on sick soil. Their tests, however, 
with western seed produced on clean soil showed little or no loss of 
resistance. 
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In order to determine whether the growth of resistant varieties of 
flax on clean soil resulted in the loss of resistance, wilt-resistant selec- 
tions which had been produced by both bulk and individual selection 
methods were grown on clean soil in isolated rows in corn plots on 
non-infested soil. Each year a part of the seed produced was saved 
for subsequent growth on clean soil and part was brought back to the 
plots to be compared with the corresponding selection which had been 
grown continuously on sick soil. 

The results for two years’ growth on clean soil are analyzed in 
Table X. This comparison is based on yields only. No appreciable 
difference is evident between the clean-soil series and the sick-soil 
series after two years’ growth on clean soil. Consequently the analysis 
for 1920 was not made on the basis of wilt also. In one case the slight 
odds are actually in favor of the clean-soil series, the two latter are 
slightly in favor of the sick-soil series. However, neither of the dif-_ 
ferences may be considered as significant; for the odds, to be considered 
significant, should be thirty to one, while here they are in no case 
more than four to one. 

TABLE X 


CoMPARISON OF RESULTS oF 1920 Test For Loss or WILt RESISTANCE ON CLEAN SOIL FOR 
Two Years CoMPUTED By StTuDENT’s MeEtHop 


Clean soil Sick soil 
Selection Yield per Yield per Odds In favor of 
acre, Bu. acre, Bu. 
5-35 7-78 
Plot I-25 8.00 14.90 Besar Sick soil 
(Bulk selection) 4.10 6.02 
14.53 : 10.42 
Plot I1I-175-1 5.33 7.13 5 erigs) Clean soil 
3.42 4.42 
4.63 6.2 
Plot IV—25-7 10.30 9.60 Been Sick soil 
3.39 6.02 


Table XI gives the results of the,1921 tests for the selections grown 
continuously on sick soil. Table XII gives the corresponding results 
for the same selections which had been grown on clean soil for three 
years (with the exceptions given in the footnote) and brought back 
for test on sick soil in 1921. Table XIII gives a comparison of Tables 
XI and XII on the basis of yield. The probable error was computed 
by the simplified “Minnesota method” (12). Table XIV gives a sim- 
ilar comparison on the basis of percentage wilted. The percentages of 
wilt were determined by careful counts made at regular intervals 
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throughout the growing season. Whether based on the amount of wilt 
or on yield, the differences are not significantly greater than the prob- 
able error of the differences except in the case of [l-og-15-1, which is 
greater by a significant amount in both tables; and for Plot I 25-1, 
which on the basis of yield varies markedly in favor of clean soil be- 
cause it was necessary to use 1918 seed for the sick-soil series. This 
seed germinated very poorly, producing only a few plants, as is shown 
in Table XII. On the basis of the percentage of wilt there is no evi- 
dence of a significant difference. 

The marked differences in favor of sick soil in this one case 
(II-09-15-1) do not in reality indicate loss of wilt resistance due to 
growth on clean soil, but rather indicate the effect of bulk selection in 
producing resistance by growth on sick soil. In checking up the his- 
tory of this selection which had been produced by the section of plant 
breeding for its desirable agronomic characters (see Table I), it was 
found that the first year of its growth on sick soil was at Crookston. 
There the soil on which it was grown in 1919 produced in reality little 
wilt—only 10 per cent in this variety. In the same season there was 
from go to 95 per cent wilt in the plant pathology plots at University 
Farm. Practically no seed was produced in 1919 on these plots. Con- 
sequently it was necessary to use Crookston seed for planting both 
series in 1920. It seems that the 1921 test, comparing the results from 
sick soil with those from clean soil, are really nothing more than a 
determination of the reduction in percentage of wilt by means of nat- 
ural selection resulting from one year’s growth on very sick soil when 
compared with its parental type. The inevitable conclusion is that wilt- 
resistant selections do not lose their resistance when grown on clean 
soil. This seems to be true regardless of the degree of resistance and 
of the method by which it was obtained. If the variety has not become 
uniform for resistance, natural selection merely stops and, in the case 
of a fairly close-fertilized crop, the proportion of resistant and suscep- 
tible plants does not change. 


ee 
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TABLE XI 


ResuLts OF 1921 Tests FoR Errect oF CLEAN Soir on Loss or Witt ReEsIstaNcE—SICK- 
Sort SERIES IN WHuIcH THE Witrt-REsistantT SeLecTIons Have BEEN 
Grown ConTINuousty on Sick Soi 


No. of Nosy ©. Per cent Yield ner 
Selection Row plants wilted wilted acre, Bu. 
5 472 212 45 2.01 
1B Rte 65 680 311 44 3.65 
116 492 132 a7 5.23 
TNS ee A ee BA ae EAA 39 3.63 
II 293 103 35 1.51 
lOtGliVerreb 7 teh. cvewusterale lenin ae 71 BSS 144 AI 4.68 
122 358 59 16 4.72 
PANG LAU G eptan ree Pe vila << lepevavsis = oe pails poe eit 3.60 
17 663 88 12 9.83 
(Ub eR oe as be 77 453 83 T5 11.45 
128 57 64 Ir 7.03 
AES an bee apnoea bf Pre i 13 9-44 
{ 23 491 90 18 8.33 
| PUG ENGI ng cies vip ic seer s+ 83 353 77 22 5.83 
134 375 66 18 8 
PNET B Mca clefieiieynielentialstie* els Bhs ae eee 19 6.25 
: 29 413 159 39 4.68 
Veoh. UN la ean ORC 89 586 294 50 2.81 
140 512 164 32 3-34 
ANSE. (lb oka algae ec eee este 3 8n Rice 40 3.61 
| 
35 590 242 41 2.97 
(Plopteleog=enSa0E nnyantes ©... 95 é 436 205 47 1.47 
146 471 238 50 2.09 
POVCEASE riaiaicise wiseieusce «+ Picuthe oni ae 46 2.18 
41 121 50 41 1.91 
lowe lessons cgi: ns ss 101 60 28 4 0.60 
: 152 92 24 26 0.74 
' INSETS Aine eee 38 1.08§ 
ee 47 297 166 56 2.83 
Blo WAL 28 ea re cee 107 550 320 3 0.81 
; 158 418 230 2.25 
Jas WEAN leo eet Eee eee Pete ae aa 56 1.96 


* Grown on sick soil on plant pathology plots of University Farm continuously since 1914. 
7 Grown on sick soil on plant pathology plots of University Farm continuously since rots. 
~ Grown at Crookston) in 1919 on practically clean soil when there was only about ro per 
cent of wilt in this variety. Grown on sick soil of the plant pathology plots, University Farm, 
in 1920 and 1gat. 
4 § Grown from 1418 seed; germination very poor. 
q j || Grown on practically clean soil at Crookston in 1919 and on sick soil in 1920 and rg2t. 
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TABLE XII 


Resutts OF 1921 Trsts For Errect oF CLEAN Sort on Loss or Witt ReEststANCE—CLEAN- 
Sot: Sertes In Wuicu Witt-Resistant SELections Have BEEN GROWN 
FOR THREE YEARS, WITH Exceptions Notep Away FROM SIckK SOIL 


No. of ‘No: Per cent Yield per 
Selection Row plants wilted wilted acre, Bu. 
8 562 242 41 Pps Bi 
I HOb ST SS, 5s acer ceria tte bee are 68 609 334 cs gene 
119 583 135 23 5.27 
PANEL ARE. 5! scheme luehsts cinta Sees ster ete 39 3-70 
14 688 331 41 2.80 
IPD EL UVC a 5e7 sf ncanteesoiee esas: 3 74 675 345 51 3-55 
125 568 48 8 5.38 
CLAS O. chp crereritarons ats at ae Nae vebe 33 3.91 
20 459 81 13 Dre 
Plot. WES tsi wen ctteietl ees 80 388 50 rr 9.40 
131 509 73 12 8.04 
EAC L AS Ere nlelsnese hele vatemess peters Sri ne int 12 9.72 
26 914 149 16 6.60 : 
lope sly 16 T= Deen newer Reyer 86 703 95 13 4.51 E, 
137 402 135 34 4.15 
INCHES oo Mop telecon tonne aheaee meee oe 21 5.09 5 
: 32 711 211 30 4.29 a 
PNG EMU ey aie PL ara euer ala) on ste-miarciava 92 904 328 36 4.11 ¢ 
143 617 261 42 2.50 | 
IAN ORAS Et Nee yeu tee Oe ame Rt aes 36 "3.63 t 
38 1143 842 74 1.64 | 
aie WOH Booseesaooe 98 987 719 73 1.39 
149 554 516 93 0.29 
GOALS. Vs cracyete tian att an on 80 I.1I 
| 
44 WH esas 328 39 6.33 | 
sel hel NE FA SOA ere on netic Uae Hct 104 378 80 1 ee 3.28 | 
155 338 133 39 4.00 
—— —— — | 
PNRM, ox 60a Sapp ahaa orc San born 34 ; 4.73 | 
50 889 (4. 504 57 3.33 | 
SPI OU IV eee ete cates tore peel: 110 657 442 67 1.56 
161 655 235 36 2.83 
PAV ETA RE MSs cw enaic eesanelate cichene ais Sn 53 2.57 


* Grown on clean soil for one year, 1920, before being brought back onto sick soil of the | 
plant pathology plots for comparison with the sick-soil series. F 

+ A non-selected variety grown on practically clean soil at Crookston in 1919 and 1920. | 

t Non-selected Minn. No. 25 grown on clean soil continuously, so far as the records are | 


obtainable. = 
All the other selections were grown on clean soil for three years, 1918, 1919, and 1920, 4 
before being brought back onto sick soil of the plant pathology plots for comparison with the ‘ 
| 


ssick-soil series. 


g 
; 
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TABLE XYFil 


SumMARy oF DirFERENCES IN MEANS OF YIELD WITH Respect TO EFFEect oF CLEAN SOIL 
on’ Loss oF Witt RESISTANCE 


Average yield Differences Odds against 
for series, Bu. in occurrence 
Selection a means, of existing 
Clean soil Sick soil Bu. deviation* 
Hy hots tio at sors tayo ox 3-70+0.47 3.63 40.46 0.07 +0.7 Less than 1 to 1 
Plot DViees=7ieo 6 3-9140.49 3.60+0.45 Ong t0.7 Less than 1 to 1 
Plot) WEES Tievee 3 9.72+1.24 9.44-+1.19 0.28+1.7 Less than 1 to 1 
Plot U0 for—00.7. 12 «2 5.09+0.64 6.25+0.79 1.16 +1.0 About 1.3 to 1 
Plot EV" 94a oe 3-63 40.46 3-61 +0.45 0.02+0.6 Less than 1 to 1 
Plot Il-o9g-15-1.... 1.11 +0.14 2.18+0.27 T.07's¢ 0.3 About 60 to 1 
Plop PL 25H 2 .c00 sain 4.73 0.60 1.08+0.14 3.65 +0.6 About 20,000 to I 
PIG Wl 28iwesterce's 2.57+0.32 1.96+0.25 0.614+:0.4 About 2.3 to 1 


* Computed in accordance with ‘“‘a table for estimating the probable significance of statis- 
tical constants,’ by Raymond Pearl and John Rice Miner, Jn Maine Agr. Exp. Sta. Bul. 
226, pp. 85-88, March 1914. 


TABLE XIV 


SUMMARY oF DIFFERENCES IN MEANS oF WILT witH Respect TO EFFECT OF CLEAN SOIL 
on Loss or Witt RESISTANCE 


Average per cent of Differences Odds against 
wilt for series in occurrence 
Selection ; ; means, of existing 
Clean soil Sick soil per cent deviation 
Dis It AEs a ae 39+3.9 36 :-3:9 OSG. Less than 1 to 1 
Plot VV 25=7.. 4... Bae=s.3 Qiiat=ae amas Less than x to 1 
Plot UE 175-1... ... Tae 1.2 L3se 2.3 rt 17.8 Less than 1 to 1 
PLOR MT OTT ees 21+2.1 I9g+1.9 Zinta 2S Less than 1 to 1 
Plot GV yagi... 36+3.6 40+4.0 45.4 About 1 to 1 
Plot Il-og-15-1.... 80+8.0 46+4.6 3409.2 About 8 to 1 
Plot Il 25-15... 3443.4 38+3.8 45.1 About 1 to 1 
Plot me Vel ashe oye iaic ss oaeGe 56+ 5.6 Bet Ton Less than 1 to 1 


EPRECT (OF TIME OF PLANTING ON DEVELOPMENT 
OF FLAX WILT 


Observations made on flax planted at various times seemed to in- 
dicate that the time of planting had considerable effect on the amount 
of wilt in both resistant and susceptible strains. In order to test this 
and to see what practical application it might have, particularly its ef- 
fect on resistant varieties, time-of-planting tests were made in 1920 
and in 1921. Results are given in Tables XV and XVI, and illustratéd 
in Plates X to XIV inclusive. 

These results show a marked relationship between wilt resistance 
and environmental conditions. Perhaps the erroneous impressions that 
have arisen regarding the nature of resistance in flax have been in part 
due to failure to appreciate this relationship. It will be noted from 
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Tables XV and XVI that the resistant varieties, when sown late, may 
be so severely affected by wilt that they produce practically no seed. 
On the other hand, a moderately susceptible variety like Minn. No. 25, 
when sown early, may so nearly escape the wilt that a fair crop is 
produced even on extremely sick soli. 

The explanation of these results is undoubtedly to be found in the 
optimum temperature relations of the host and the parasite. Tisdale 
(21,22) found that the optimum temperature range for the growth 
of the fungus was higher than that for the host. This, applied to field 
conditions, would mean that early-planted flax would grow more nearly 
under its most favorable conditions during the very early summer, and 
consequently be more vigorous and better able to withstand the infec- 
tion. For later plantings this would not be true and, furthermore, the 
fungus would find its most favorable conditions of growth at the time 
when the host was not so vigorous. The practical significance of these 
results is apparent. 


TABLE XV 


Errecr oF TIME oF PLANTING ON DEVELOPMENT OF FLAx Witt 1n Two WILT- 
ResIstANT SELECTIONS. PLANTED ON Sick Sot, UNiversity Farm, 1920 


Selection Date of planting Per cent wilt Yield per acre, Bu. 
Plot IV 25-7 4 April 27 2 10.93 
May 7 5 8.48 
May 18 7 6.33 
May 30 50 0.46 
Plot JIL 1751 April 27 2 10.80 
May 7 5 7-77 
May 18 7 7-35 
May 30 40 2.38 


TABLE XVI 


= = 4 
Errect or Time or PLANTING ON DEVELOPMENT OF FLrax WILT. PLANTED on Sick 
Sort, University FarM, 1921 


Selection Date of planting Per cent wilt Yield per acre, Bu. 

Minn. 25 Non select April 18 : Sr - 3.04 
May 1 84 1.54 
May 15 87 0.36 
June 1 04 0.36 

Plot IV 25-7 April 18 28 10/25 
May 1 46 6.16 
May 15 53 1.16 
June 1 8s 0.96 

Plot III 175-1 April 18 Ter 9-79 
May 1 20 4.94 
May 15 12 4.89 
june™ x 76 Undetermined 
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ieee tests OF MINNESOTA WILT-RESISTANT 
SELECTIONS 


The alarming decrease in flax acreage and in the production of lin- 
seed in this country which, as has been pointed out, is largely due to 
the presence of flax wilt, calls attention to the importance of finding 
some method of controlling the disease. Seed treatment, as was pointed 
out by Bolley (1, 2, 3), is important in lessening the amount of inoculum 
that may be carried to new lands. However, with the most careful 
seed treatment, this source of infection can not be entirely eliminated. 
Laboratory tests here have shown that the fungus can frequently be 
isolated from apparently sound seed that has been treated for five 
minutes with 1 to 1000 mercuric chloride. Furthermore, the available 
supply of clean land is decreasing each year. Fusarium lini, which is 
an accomplished saprophyte, persists for so long in the soil that crop 
rotation will not solve the problem satisfactorily. In 1920 observations 
were made at Crookston on a six-year crop rotation plot which in- 
cluded flax. The amount of wilt in one of these fields, which had 
grown one crop of flax six years previously, was striking when com- 
pared with the amount in the same variety on new land. Wilt was, of 
course, not nearly as serious as it would have been had flax followed 
flax, but the damage was considerable. Hope, therefore, centers pri- 
marily on the control of wilt by means of resistant varieties. Bolley 
demonstrated that this solution was practicable. Stakman et al. (20) 
confirmed Bolley’s results and published the results of one year’s tests 
of selections produced at the Minnesota station. Their results sug- 
gested that certain of these wilt-resistant selections yielded well. The 
criticism is sometimes made that resistant varieties do not yield as well 
on clean soil as do certain susceptible varieties. It is obvious that the 
ultimate test of the value of a variety is its ability to yield well. 

The writer, through the courtesy of various co-operators, has been 
enabled to continue these experiments for four years. Table XVII 
gives the results of four years’ tests on the extremely sick soil of the 
plant pathology plots. These yields were obtained from triplicated 
series of three rows each. The yields were computed from the central 
row of each series. Unfortunately, in 1919, the yields for Chippewa 
and Winona were based on a single determination. The last column 
gives the odds for comparison with Student’s method which is used 
throughout in making comparisons for each table where it is applicable. 
Odds of thirty to one are considered significant. 
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Table XVIII gives the yields of the resistant selections and varieties. 
on sick soil at Waseca for three years. Yields in this case were ob- 
tained from the central rows of triplicated three-row series. 

Table XIX gives the results of similar tests for four years on sick 
soil at Mandan, North Dakota. These data were furnished by the 
Office of Cereal Investigations, United States Department of Agri- 
culture. The yields were based on five-foot rows in triplicate. 

It will be seen that in all the tests made in extremely sick soil, 
Winona and Chippewa yielded more, except at Waseca, where Chip- 
pewa did not yield quite so well. The odds in favor of Winona at 
University Farm and at Waseca are decidely significant. 

Table XX gives the results of two years’ tests on clean soil in the 
plant breeding nursery at University Farm. Yields are based on the 
central rows of triplicated three-row series. 

Table XXI compares with Table XX, except that the tests are made 
on clean soil and the yields are based on triplicated seventeen-foot rows 
at Mandan. These data also were kindly furnished by the Office of 
Cereal Investigations. 

Table XXII gives the results of two years’ tests at Fargo, North 
Dakota, on land that had practically no wilt for these two years. These 
data were furnished through the kind co-operation of the North 
Dakota Agriculural College, and were based on triplicated rod rows. 

Table XXIII gives the results of three years’ tests at Crookston, 
Minn. These tests were made on soil that produced practically no 
wilt. Yields were obtained from the central row of each triplicated 
series of three rows, thirty feet long. 

Table XXIV gives the results of one-fortieth acre field tests 
made by the agronomy department at University Farm. The soil 
was inoculated by the writer shortly after the plants had emerged, 
by growing the organism on sterilized wheat seed inilarge jars. After 
the organism had spread throughout the wheat, this was scattered over 
the field. The very susceptible varieties which were also grown de- 
veloped much wilt, but not enough to make this a critical test of re- 
sistance comparable to those of the sick soil of the plant pathology plots. 
Hence in the summary table these results are grouped with the clean 
soil tests. 

Table XXV gives the results of one-fortieth acre field tests on clean 
soil. These tests were made by the agronomy department and the 
data on yield were kindly furnished by them. 
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Table XXVI is a summary of the averages obtained from Tables 
XVII to XXV. From this it appears that the row tests gave much 
lower yields than did the one-fortieth acre plots. A comparison of 
these summary results is made by the Student’s method in Table XX VII. 
Winona, Minn. No. 182 (178-1), appears to be pronouncedly superior 
to any other variety tested on sick soil. Chippewa, Minn. No. 181 
(25-7), apparently yields as well as N. D. R. 114. . On clean soil all 
three of these varieties yield about the same. Selection g1-1, Minn. 
No. 188, seems to yield exceptionally well on clean soil and averages 
practically*as high as Chippewa or N. D. R. 114 on sick soil. 

It was noted in the field that Chippewa was quite resistant to rust 
of flax caused by Melampsora lint. 

TABLE XVII 


Yretp Tests oF SELEcTED FLAx on Sick Sort, University Farm (TEN-Foot Rows) 


IQ19 1929 Ig21 £922 4-yr. Av. 
Selection Per Per Per Per Per ‘Odds 
cent Yield cent Yield cent Yield cent Yield cent Yield 
wilt Bu. wilt + Bu. wilt Bu. wilt Bu. wilt Bu. 

NE Tm Ree AN, u's 8 250. 2:65 48 60x B2 = 5.06 2ot- 3:84 + 32,30) « 4:30 Check 
Chippewa (25-7).. 4 8.66 sie 9.02 aye 3.60 10 3.22 14.00 6.13 9.80:1 
Winona (175-1).. 4.6 7.03 13 7.36 13 9.44 10 5.89 10.15 7.18 77.7431 
IOC FOEAT ce oh oye 5% 37 1.89 15 9.88 19 6.25 15 5.090 21.50 5.78 8.22:1 
Plot 7421 ....-.'. 22 2.14 23 7.69 40 3.61 25 2227 27.50 3.91 I0.01:1 
Plot IIl-o9-15-1.. 91 0.00 PSs Oc On  MeurOm SO) 3.06" 43200") 24709" 

* Three-year average. 

TABLE XVIII 
Yretp Tests oF SELECTED FLAx on Sick Sort, at WASECA (TuHIRtTY-Foot Rows) 
Yield per acre, Bu. 
Selection or variety — - Odds 
I9t9 1920 1921 3-yr. av. 

ANS JIB): GRA eth ghers StOke oe) et Ea eee dane 6.45 6.18 RCE Mod Reena tee 
(mines (@S=70) Win ald Si aon eee 1.81 4:35 4:55 3.57 Check 
Winona. (r75—1)\ ....... ele tice ene Cone Nea Be 11.93 9.38 8.18 RY oy apne 
Tl JME NERS 5 cision 2 oe a Oana 2.61 7.86 1.18 4.15 3-571 
Plot TN? RE 5. 3.655 Ato Sits Bae RRR eee 0.90 2.70 0.95 MALY 33022 2e 
Tat: Tieensntest: B05 pose teaeeeeeeeas 0.11 1.68 1.02 * 0.94 


* Two-year average. 


TABLE XIX 


‘ 
Yietp Tests of Sevscrep FLrax at Manpan, Nortu Daxora, on Sick Soir (Five-Foor Rows)* 


Yield per acre, Bu. 


Selection or variety Odds 
1919 _ 1920 1921 1922 Average 

Tig UD ARG SEM EAs yo ocean ea 2.6 4-3 1.9 12.0 5.2 Check 
Chippewa (25-7) .»..-+.v-.~.-+ 1.0 Seo 2.4 15.8 Gar deer 
Mitra (G7 S= 20) le ware) love silsrepeteve e's rat 7.9 3.0 17.0 7.8 12.08:1 
SEA Obie COM lie, oe ack ales tee Sepevie) vies = Te 3.0 2.4 10.2 4.2 Reaver 
TERS EME 7 Amit iolieentes crete desian o benwrie, a deh S«)'e ee 257 Bhs 15 0 Bap 1.5311 
Plot WIROG=15 =i fam nhitetite em baat 0.0 3.3 0.9 10.0 ete ans tort. eee 


* These tests were made by the Office of Cereal Investigations, U. S. D. A., and the data 
were kindly furnished by them. 
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TABLE XX 


Yrecp Tests or Sevecrep Frax on Crean Sor at University Farm (S1xtTEEN-Foor Rows) * 


Yield per acre, Bu. 


Selection or variety 
1919 $ 1920 Average 
Chippewa (25-7) ..... 2.44 9.60 6.02 
Winona (175-1) ...... 0.55 8.40 4.48 
Pilot cP Omi wreaks Graves 5.58 10.79 8.19 
Plot TW Faery sete cseis bei, 0. 2.80 9.10 5.95 
Plot Il-og-15-1 ...... 2.37 10.91 6.64 


* Grown in plant breeding nursery. 


TABLE XXI 
YreLtp Tests oF SELECTED FLAX ON CLEAN Sort at Mannan, NortH DaKkoTa 


(Rop Rows)* 
Yield per acre, Bu. 


Selection or variety oe Odds 
1919 1920 1922 3-yr. av. 

NE DER: 00 ato. cies bose nage Paes 4.2 227 12.9 6.6 Check 
Chippewa. (2570 Gisimate wince amram adorns 4.0 2.1 14.8 7.0 B22°% 
Aishavox see dub Asa) Mon dln alo thor acum ood SS 2.7 14.2 Pty 1.3471 
PLO elle OT tec. scars ieeketers ene ahs hetero s 5:6 2.9 13.6 7.4 T2o05 25 
Sp; el OA, ee hee ee 4.8 1.9 15.4 7.4 4.11i1 
Plot MIRO Ki St mrad ays tiara suehesees eee ea 2.6 2.0 13.0 5.9 


* These tests were made by the Office of Cereal Investigations, U. S. D. A., and the data 


were kindly furnished by them. 


TABLE XXII. 
Yietp Tests oF SZLEcTED FLAX oN PracticaLtLy CLEAN Sort at Farco, NortH DaxkoTa 
(Rop Rows)* 


Yield per acre, Bu. 


Selection or variety : 
1921 /) 1922 Average 
IN UD eRe rile aie tteeas te aha 9.2 a sR} i2.3 
Chippewa, (25=7)! saa.ne Wee 16.3 11.8 
Winona (175-1) ....... 8.1 16.0 ha 
(Plot ll yours ierrtensiens 6.6 19.9 13:3 
PlotediViee7 f—repeeiatnteesteners 5.4 15.4 10.4 


* These tests were made by the North Dakota Agricultural College. The data were fur- 


nished by them. 
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TABLE XXIII 


YieLtp Tests oF SELECTED FLAx aT CrooKSTON ON COMPARATIVELY CLEAN SOIL 
(Tuirty-Foor Rows) 


Yield per acre, Bu. 


Selection or variety - - Odds 
1919 1920 1921 Average 

aM Meee MMU hice) acute (dieny- (pie .mlocm @ aces age 8.75 2.58 SAGs "0 | Siler Galen’ 
MOL DPE WS. \C25—7)) eles bc. Sccce levels 404 Saco 14.92 5.02 2.16 GE VG 4-74:1 
Waris (CrpS— 0)! ists feccieecsceerete ae sas « 6.32 4.63 3.50 4.82 6.6971 
UE ELS es en ee 13.60 6.51 3-58 7.90 3-23:1 
60) a IA ie oe Bastiteroher a oth 14.41 7.05 2.72 8.26 Check 
Rett PI-OOQ=L5—%e telecsieg co ewcre spe e ntas Let 8.17 2.19 5.20 3.98:1 


} TABLE XXIV 


Yretp Tests* or SELECTED Frax on Partiatty Sick Sorrt at University FarM IN 1921 
(OneE-FortietH ACRE PLots) 


| Selection or variety Yield per acre, Bu. 
Neem EMER SILA rec Set aifeur ic tale c)my cua ev evals afavaie a a's “Necévdcars 14.0 

{ (Shit pea S57). alec vieratanie aie Wreelneiye tbe Plelap gai 13.4 

| DEN moet LOVE Ta. cet ayade,o Fins viadvela Gua e's (ata a eee 13.2 

} j Hea Lec SI esBP Se crete 3) Sie ns aoe AGe out Fiche oie ofere nice Sara 16.8 

I eA RMON M/A citer ech aor s) sierahis -apaierieais ast orale so aile “@ninietotts 11.6 


* This test was made by the agronomy department, University Farm, and the data on 
yield were furnished by them. 

7 The soil was inoculated by the writer shortly after the plants emerged. Wilt developed 
quite heavily on White Blossom Dutch, an extremely susceptible variety, but was not heavy 
enough to give a reliable differential test. 


TABLE XXV 


‘Yietp Tests oF SELEcTED FLAx at Crooxston, MINN., on CLEAN Sort (ONnE-ForTIETH 
AcrE Prots)* 


Yield per acre, Bu. 
Selection or variety = 


1921 1922 Average 
IN TOSSING RCae (Sey eee 7.06 13.91 10.49 
Chippewa (25-7) ..... 6.68 12.60 9.64 
Winona (175-1)—.~... 8.09 ~ 14.57 11.33 
Pot WE OI—Ne cei. as 8.09 18.99 13.54 
Plot DV? yaar chides. O72 4 +13.50 11.61 


* These tests were made by the agronomy department, University Farm, and the data‘ 
were furnished hy them. 
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SuMMARY OF AVERAGES FROM TasLEs NVII to XXV 


TABLE XXVI 


No. of 
Station years Group N.D.R.114 Chippewa Winona gI-1 74-1 
Sick soil 
University Farm..... 4 Row tests 4.39 6.13 br feees) 5.78 3-91 
Waseca, i... co) sateen 3 Do (Sexleye B.57 8.18 4.15 Te 2 
Mia tidlainsiyetet. archeeeeee nate 4 Do 5.20 6.10 7.80 4.20 5.50 
AVOTA Ses carters ores 5.31 5.27 7.72 427% 3.64 
Clean soil 
University Farm..... 2 Row tests ODS 6.02 4.48 8.19 5.95 
Mandan. isete xcs cies 3 Do 6.60 7.00 7.50 7.40 7.40 
(ary OM nets rors cen eee 2 Do 12.30 11.80 12.10 13.30 10.40 
Crookston)? estas ts a 3 Do 5.67 Tarr 4.82 7.90 8.26 
AVELGALET v iweaienered 8.10 8.05 G)523} 9.20 8.00 
Clean soil 
University Farm..... 1 1/40 A. plot 14.00 13.40 13.20 16.80 11.60 
‘Crookston ci dan «nwe 2 Do 10.49 9.64 Tiss 13.54 11.61 
IAVerd ge. = aceon. 12.25 11.52 12.27 1p 7 11.61 


* Two-year averages. 
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TABLE XXVII 


CoMPARISON OF SUMMARIES OF YIELD Tests FROM TasLE XXVI sy Stupent’s MetnHop 


Tested on 


Selection “Odds In favor of 
(Ni De R.. tra Cheek.s a.S 55 os Sick soil “Check 
Chippewa. —<iiiwhingienenta tear Do Tew 
WY itehatal: aya etteitatascasene cat ote Do 12g9:1 Winona 
ia Takao Seah aye eowioeouea tana tease hye Do Bink N.. Di Re aie 
WA MAU ntcs fon she ihe enol sSNee Re neta Do 4:1 N. D. R. 114 
Clean soil 
CN. DR. 114) Checkisce. 28... (rows and plots) Check 
Chippewas coisa dui ee ae Do Tos 
IWWINOTIA ay tiie rigs eaeteneeaee reece: Do £ik 
ON Tar caves assis Jay a eR erence eee Do 68:1 QI-1 
FAM Eos, Wervoni apeepe rere eek, Seen a) tee WS Do Tar 


WHET RESISTANCE IN FLAX RVs 


DISCUSSION AND CONCLUSIONS 


Flax wilt undoubtedly has been one of the most important limiting 
factors in flax production in the United States. On account of the 
devastation caused by this disease, the center of flax production has 
continually moved westward. Flax should not be grown on the same 
soil more than once every ten or twelve years unless resistant varieties 
are available; in fact, it is questionable whether it can be grown that 
often. There seems to be evidence that the organism causing flax wilt 
may be present in most soils in those regions in which flax has ever 
been grown extensively. As Fusarium lini can live in the so‘l almost 
indefinitely as a saprophyte, and as it may persist within shriveled seeds 
or apparently sound seeds of flax, it is almost impossible to control it 
by ordinary methods of crop rotation or seed treatment. For this rea- 
son it has become necessary to attempt to develop resistant varieties. 

Pioneer work on the control of flax wilt by means of resistant 
varieties was done by Broekema and by Bolley. Bolley demonstrated 
clearly that wilt-resistant strains could be obtained rather easily. He 
was inclined to think that resistance was developed in a variety as a 
result of constant association with the pathogene. In other words, a 
susceptible variety might be immunized artificially by association with 
Fusarium lim. This would be roughly comparable with artificial im- 
munization in animals. But even in animals there is little or no evi- 
dence of such immunity being inherited. Presumably some toxin pro- 
duced by the parasite promoted the production of anti-bodies in the 
host plant. Bolley was of the opinion that the degree of resistance was 
proportional to the length of time during which the strain or variety 
had been exposed to the disease. Furthermore, the permanence of the 
resistance would be roughly proportional to the length of time during 
which the immunizing process had operated. Practically, this meant 
that resistant strains could be developed in any variety of flax, but that 
several years might be required to produce these resistant strains. 
Naturally, resistant flax would lose its resistance if it was grown on 
clean land. The resistance of flax to wilt, then, would be quite dif- 
ferent from the resistance to other plant pathogenes, because artificial 
immunity is practically unknown, if indeed it occurs at all in plants. 

It is quite true that the wilt resistance of flax is only relative. 
Plants can be predisposed to attack and they can be protected against 
attack. The pathogene is greatly affected by temperature. Further- 
more, the flax plant is rather sensitive to high temperatures, and there- 
fore plants which normally are resistant under good growing conditions 
may be susceptible under poor growing conditions. The pronounced ef- 
fect of soil temperature was shown first by Tisdale, and the writer has: 
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demonstrated clearly that the amount of wilt which develops in either 
a resistant or a susceptible strain may be very greatly affected by soil 
temperatures. High soil temperatures are conducive to the develop- 
ment of a great deal of wilt because they are unfavorable to the flax 
plant and very favorable for the growth of the pathogene. The con- 
verse is true of low soil temperatures. When planted late in the sea- 
son, when the soil temperatures are high, a resistant variety may be 
injured severely by wilt. On the other hand, a susceptible variety, sown 
early in the season when the soil temperatures are low, may produce a 
good crop. It is quite probable that the relative resistance of flax strains 
to wilt and the fact that the course of the disease is influenced so greatly 
by environmental conditions have obscured somewhat the true facts in 
connection with the production of wilt-resistant strains of flax. 

All the results which the writer has obtained indicate rather clearly 
that wilt resistance is not built up by exposing plants to disease. It is 
thought that the resistant genotypes, if they may be called such, already 
exist in any variety in which there are resistant plants. When such 
varieties are sown on sick soil under temperature conditions favorable 
to the development of the disease, the non-resistant plants are elim- 
inated and the resistant ones survive. Individual plant selection seems 
to be more efficacious than bulk selection simply because in practicing 
individual selection ‘only the most resistant plants are saved. When bulk 
selections are made, however, the highly resistant and moderately re- 
sistant plants are saved as well as those which have merely escaped the 
disease on account of some fortuitous circumstances. The seed, there- 
fore, consists of seed from resistant individuals, from moderately re- 
sistant ones, and from those which are susceptible but merely escape the 
disease. Naturally, when this seed is sown on sick soil, the resultant 
crop is not uniformly resistant. The evidence is perfectly clear that 
the selection of resistant flax strains consists merely in isolating geno- 
types which were resistant from the very beginning. Constant growing 
on sick soil, or on any other soil for that matter, does not change the 
genotypic composition of the plant with respect to wilt resistance. It 
would not be expected, therefore, that growing plants on clean soil 
would result in a loss of resistance. Experimental and observational 
evidence confirm this opinion. 

Resistant varieties of flax which had been grown on clean soil for 
three years were just as resistant as strains of the same variety grown 
continuously on sick soil. It must be remembered, of course, that when 
a strain of flax is grown continuously on sick soil, the susceptible types 
are eliminated and only the most resistant remain. On the other hand, 
when a strain is grown on clean soil, the susceptible types are not 


WIELD RESISTANCE [IN PLAX 39 


eliminated. It may appear, therefore, that a strain loses its resistance 
when grown on clean soil. As far as this carries any implication, how- 
ever, that the germinal constitution of the strain with respect to wilt re- 
sistance is changed, the idea is erroneous. Resistance to Fusarium lint 
is an inheritable character comparable with any other genetic character. 

In the course of the investigations, extensive observations were 
made on Chippewa, Minn. No. 181; and Winona, Minn. No. 182, both 
of which were selected originally by Stakman and Aamodt. The former 
was selected from Primost, Minn. No. 25, and is designated in the 
tables as 25-7, or as Plot IV 25-7; while Winona was selected from Blue 
Dutch, Minn. No. 175, and has been designated as selection 175-1, or 
as Plot III 175-1. 

These varieties were compared with other resistant selections, un- 
der widely different conditions, on both clean and sick soil. On sick 
soil they showed a higher degree of resistance and greater yielding 
ability than any variety with which they were compared. The superi- 
ority of Winona was particularly marked. They also yielded well on 
clean soil when comparison was made with the best agronomic types. 
In addition to being highly resistant to wilt, Chippewa showed quite 
marked resistance to flax rust caused by Melampsora lini. One other 
selection has demonstrated good yielding ability. This is Selection 91-1, 
Minn. No. 188, which on clean land seems to out-yield anything with 
which it has been compared in these tests. On the extremely sick soil 


upon which the sick-soil yields are based, it averages almost as well as 


any of the resistant selections except Winona. 

While it has been shown that the resistance to wilt is an ordinary 
genetic character inherent in certain genotypes within recognized flax 
varieties and that this character is not easily altered by environmental 
influences, it must be remembered that the reaction of both resistant 
and susceptible strains of flax is altered greatly by environmental in- 
fluences. The difference is merely that between the genotypic and 
phenotypic phases. 

‘The real nature of resistance is not yet known. Whether it is due 
to rapid growth, to morphological characters, or to a real physiologic 


" incompatibility between the host and the pathogene must be determined 


by future investigations. 

The possibility of the existence of elementary species or biologic 
forms of Fusarium lini also has been investigated by the writer, and, 
while preliminary results have been obtained, no final conclusions can 
be drawn at this time altho there is strong circumstantial evidence that 
there are different forms. 
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SUMMARY 


t. Flax wilt, caused by Fusarium lini, has been shown clearly to be 
a limiting factor in the production of flax. On account of the fact that 
the pathogene is a soil saprophyte, it often is impossible to grow non- 
resistant varieties of flax on the same land profitably more than once 
every ten or twelve years. For this reason flax has been a migratory 
crop. 

2. As Fusarium lini lives for a great many years in the soil and 
lives also in the seed, and as seed treatment is not entirely effective, 
the only practical method of controlling the disease is the use of re- 
sistant varieties. 

3. Broekema first suggested the possibility of developing wilt re- 
sistant strains of flax. In the United States, Bolley developed several 
strains which are quite resistant to wilt. 

4. The opinion has been prevalent that wilt resistance could be de- 
veloped in susceptible varieties by association with the disease and that 
the permanence of this resistance was proportional to the length of time 
during which the strains had been grown in sick soil. 

5. Experiments were made by the writer to obtain definite data on 
the mechanism by, which resistant varieties are obtained, and to ascer- 
tain also the degree of permanence of this resistance and the degree to 
which it could be modified by environmental factors. 

6. Individual plant selections were made from several varieties 
grown on sick soil. Seed was saved from the most resistant plants and 
from the partially wilted plants. When the progeny of these plants 
were selfed for two years, the degree of resistance was the same in 
all, with possibly one exception. ; 

7. Apparently there are different degrees of resistance. Highly re- 
sistant plants can be obtained immediately by selection in the field. 
These plants bred true for resistance. 

8. There are no indications that resistance is developed as a result 
of constant association with the pathogene. Resistant genotypes are 
present in certain varieties and obtaining resistant strains consists 
merely in selecting and propagating these genotypes. 

g. Reselection or constant association with the disease does not 
change the degree of resistance of selected genotypes. 

10. Not all varieties of flax contain resistant types. The develop- 
ment of resistant varieties, therefore, must be restricted to those varie- 
ties in which there are resistant genotypes. 

11. The effect of growing flax plants on sick soil is merely to 
eliminate the susceptible strains and to permit the survival of resistant 
ones. 
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12. A wilt-resistant strain does not lose its resistance when grown 
on clean soil. The natural selection of resistant types, however, ceases. 
to operate. 

13. The optimum temperature for the growth of flax is fairly low. 
while that for the growth of the pathogene is relatively high. Conse- 
quently there will be more wilt when flax is grown at high soil tem- 
peratures than when it is grown at lower temperatures. 

14. Wilt resistance is only relative, and the degree of resistance 
is therefore modified by environmental conditions. 

15. Less wilt usually develops in flax sown early than in that sown 
later. Susceptible varieties can be grown successfully on sick soil pro- 
vided the soil temperature is low; resistant varieties may be injured 
severely by wilt if the soil temperature is high. 

16. Two superior wilt-resistant varieties have been developed at the 
Minnesota station. These are Chippewa, Minn. No. 181, a selection 
from Primost, Minn. No. 25; and Winona, Minn. No. 182, a selection 
from Blue Dutch, Minn. No. 175. 

17. Extensive yield tests were made with Chippewa and Winona 
in comparison with other wilt-resistant selections. Winona consistently 
out-yielded most of the other resistant varieties. 

18. Chippewa is not only resistant to wilt but also is moderately re- 
sistant to flax rust caused by Melampsora lini. 

19. Selection g1-1, Minn. No. 188, produces well on sick soil, and 
yields exceptionally well on clean soil. 

20. There is some evidence that there are several physiologic races 
of Fusarium lini, but this has not been demonstrated conclusively. 
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PLATE. 


Source of Individual Plant Selections Made in 1919 


No. 175-1, a wilt-resistant individual plant selection made in 1916. Some 
of the tagged plants were the most vigorous, and others were partly wilted. 
The progenies of these were-compared to determine the effect of continued 
selection. 


PVA Een 
Source of Individual Plant Selections Made in 1919 


An unselected variety, No. II-o9-15-1, grown on sick soil for the first 
time. Both vigorous and partly wilted plants were selected 


PEATE Il 
Source of Individual Plant Selections Made in 1919 


Minn. No. 25,-M25-5R, the single plant shown in this picture, was the 
basis of selection. It was highly resistant in the first generation and was 
not modified by further selection. 


PLATE IV 
Effects of Reselection 


The progenies of the plant illustrated in Plate III (M25-5R) and of a 
weak plant (M25-14PR) selected from the same variety (M25) at the same 
time were selfed in the greenhouse in 1919-20. The seed obtained was planted 
in 1920 and every plant was saved for testing on sick soil in 1921, as illus- 
trated. The first four rows from the left in the two front series are the 
progeny of M25-14PR. The remaining rows to the right are the progeny 
of M25-5R. Reselection was without effect in either case. 


PLATE V 


Limitations of Selection 


Selection C. I. 186 growing on clean soil. This selection was made by 
C. H. Clark for yield on clean soil at Mandan, North Dakota. 


PLATE, Val 


Limitations of Selection 


Selection C. I. 186 growing on sick soil. The only. plant that was not 
killed by wilt proved to be the result of mechanical mixture in the seed. 
On less sick soil a few plants escaped. Some of them were saved. The 
progeny wilted as readily as the parent selection. A wilt-resistant selection 
in all probability could not be selected out of C. I. 186. 
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PLATE X of 
Effect of Time of Planting on Development of Slax Wilt 
The three rows on the left show Minn. No. 25, a moderately susceptible 


non-select variety, planted April 18. On sick soil. Compare with Plates 
XT, XT, XM and XLV. s 


PAST Ey sxe 
Effect of Time of Planting on Development of Flax Wilt 


The three rows on the left show Minn. No, 25, a moderately susceptible 
non-select variety, planted May 1. On sick soil. Compare with Plates 
X, XII, XIII, and XIV. 


PLATE XiI 
Effect of Time of Planting on Development of Flax Wilt 


The three central rows show Minn. No. 25, a moderately susceptible 
non-select variety, planted May 15. On sick soil. Compare with Plates 
XK, oul, SDD. ard x1 Ve 


PASAD Eel TT 
Effect of Time of Planting on Development of Flax Wilt 


The three rows on the left show Minn. No. 25, a moderately susceptible 
non-select variety, planted June 1. On the right is Plot IV 25-7, a highly 


resistant selection when planted early. On sick soil. Compare with Plates 
mee XGll Scand XLV. és 
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REACTION OF BARLEY VARIETIES TO 
HELMINTHOSPORIUM SATIVUM 


By H. K. Hayes, E. C. Stakman, Fred Griffee, and J. J. Christensen 


PA ite VARIETAL RESISTANCE 
INTRODUCTION 


Spot blotch disease of barley was mentioned by Pammel (7) in 
1909 and was attributed to Helminthosporium sativum Pammel, King 
and Bakke (8) in 1910. Christensen (1) has reviewed previous 
studies relating to the pathogeneity of H. sativum and has pointed out 
that the parasite is responsible for “leaf spot, root-rot, foot-rot, and 
seedling blight of wheat, barley, rye, and numerous grasses.” Because 
the organisin is so widely distributed and appears to be progressively 
more destructive, it seems necessary to take steps to control it. 

The initial infections under field and greenhouse conditions come 
from seed or from soil (1). While partial control may be ob‘ained by 
seed treatment [Louise J. Stakman (10)], good cultural methods, and 
ro.ation, the results so far obtained indicate that the use of resistant 
varieties is by far the most promising means of control. 

A preliminary report has been made (6) of the comparative sus- 
ceptibility of barley varieties and purified hybrids under field condi- 
tions at the Minnesota Agricultural Experiment Station. From the 
results of this study it appeared that there was no close correlation be- 


» tween the mode of reaction of a pure line of barley to H. sativum and 


its botanical or agronomic characters. 

The degree of injury caused by H. sativum to any variety appeared 
to be strongly influenced by the environmental conditions under which 
the crop was produced. In other words, resistance or susceptibility is 
a relative character and is not absolute. Therefore the disease can 
best be controlled by combining correct cultural practices with the use 
of resistant varieties. The purpose of this paper is to present evidence 
on the comparative resistance of a considerable number of varieties 
of the four barley species groups. A study also was made of methods 
of determining the comparative mode of reaction of barley varieties 
to infections of the causal organism. 

The study is a part of co-operative investigations carried on by the 
sections of pliant breeding and of plant pathology which have as their 


_ aim the production of disease-resistant varieties of field crops that are 


also adapted to Minnesota conditions. 
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MATERIAL AND METHODS 


The varieties used in the study were obtained from the material 
under test in the co-operative barley breeding studies carried on by the 
plant breeding section of the Minnesota Agricultural Experiment Sta- 
tion and the Office of Cereal Investigations of the United States 
Department of Agriculture. Most of the varieties used, with the ex- 
ception of certain hybrids, were obtained originally from the Office 
of Cereal Investigations, and for this reason are reported under the 
classification groups as outlined by Harlan (2). 

For the field tests of mode of reaction of the varieties, five-foot 
rows were planted at the rate of 5 grams of seed per row. 

The varieties were grown in infested soil and were sprayed at about 
heading time, at intervals of a day or two, with spore suspensions of 
A. sativum. 

The spraying was done between 7 and 8 p.m., from three to five 
sprayings being made. 

Data on the degree of infection were taken when the barley was 
nearly mature. Separate notes were taken on the degree of infection 
medium,” 
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of heads, culms and nodes, and roots. The terms “heavy, 
“light,” and “trace,” were used to denote degrees of infection; and 
plus and minus signs further to differentiate the severity of the infec- 
tion. For more exact comparison, the various degrees of infection 
were denoted by numerical figures as follows: 


trace — 10 medium — = 6 heavy — = 3 
light — = 9 medium ais heavy =) 
light ==n'3, medium + = 4 heavy —=] 4 
heht =" 7 


These figures allowed a summary of the infection of the separate 
notes taken on three different parts of the plants, i.e., spike, culm and 
leaves together, and root, and also aided in determining the degree 
of correlation between reactions obtained in successive seasons or 
between the degree of infection of different parts of the plants of the 
same varieties. 


INJURY DUE TO HELMINTHOSPORIUM SATIVUM 


Thirty-nine purified smooth-awned strains of barley produced from 
crosses were grown in replicated rod-row trials in 1921 and 1922. 
The same strains were grown also for the same years in single five- 
foot rows and were sprayed with spore suspensions of H. sativum. 

The rod-row trial plots are grown on series which are under rota- 
tion, the cropping plan being as follows: Rye, clover in spring, clover 
hay, rod-row test of small grains, ear-to-row tests of corn, peas for 
seed, soybeans, rod-row test of small grains, etc. The legume crops 


a 
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and the cultivation of the corn help to keep the soil in good condition. 

The nursery in which the mode of reaction to H. sativum was 
studied was on the same plot each of the three years that the study 
was carried on. 

The calculation of the correlation between average yields as ob- 
tained in the rod-row trials, and average reaction to H. sativum under 
artificially induced epidemic conditions, furnishes an opportunity to 
de‘ermine the importance of the pathogene in reducing yields. The 
smooth-awned hybrids furnished ideal material for this study, as they 
were obtained for the most part from crosses in which one of the 
parents was resistant and the other susceptible to attacks of the spot 
blotch disease. The obtained coefficient (see Table 1) +.445+.087 
is more than four times the probable error and indicates that suscepti- 
bility to H. sativum tends to reduce yield. The correlation proves 
that, under the conditions of the experiment, resistance to H. sativum 
is a character which must be considered by the barley breeder and by 
the crop producer. 

Seventeen 6-rowed strains and varieties of barley were grown for 
the three-year period, 1919-22, in a replicated rod-row trial. The 
average yield obtained was correlated with the average reaction to 
H. sativum for 1921-22 (see Table Il). The obtained coefficient 
+.575+.109 is again probably statistically significant and furnishes 
further evidence regarding the importance of resistance to H. sativum. 


TABLE I 


CORRELATION IN SmMootH-AWNED Baritey Hynrips BETWEEN AVERAGE YIELDS FOR 1921-22, 
IN Busuers per Acre, 1N ReEpricatep Rop-Row Tests anp AVERAGE REACTION TO 
H. sativum GNDER ARTIFICIALLY INDUCED EpipEMic CONDITIONS 


Average yield 
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TABLE II 
CoRRELATION IN Stx-Rowrp Baritry Strains BETWEEN AVERAGE YIELD, IN BUSHELS PER 
ACRE, 1920-22, AND AVERAGE REACTION TO H. sativum FOR 1921-22 UNDER 
ARTIFICIALLY INDUCED Epipemic CoNnDITIONS 


Average yield 
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RESISTANCE OF VARIETIES OF BARLEY TO ATTACKS OF 
H. SATIVUM UNDER FIELD TEST 


A considerable number of varieties of barley have been grown for 
several years in five-foot rows and an epidemic of spot blotch disease 
has been produced artificially by spraying the varieties with spore sus- 
pensions of H. Sativum. The results of the three-year trials are pre- 
sented in Table III. 

In ro92o infection data were taken only on the culm and on the 
spike and node together. Severity of infection was denoted by average 
infection. In 1921 and 1922 separate notes were taken upon the degree 
of infection of spike, foliage, i.e., culm and nodes, and. roots, and the 
results were summarized under the heading “Numerical figure.” As 
was explained under “materials and methods,” a high figure, of which 
30 is the maximum, denotes very high resistance, while a low figure, 
of which 3 is the minimum, denotes complete susceptibility. 

In the second column of the table the species group is given. 

The barley varieties were planted rather late in 1921 and all were 
much more severely infected than in 1922, when they were planted 
early in the season. In general, however, varieties that were sus- 
ceptible one year were likewise susceptible the following year, while 
those that were resistant one year appeared resistant the following year. 

Twelve different pure lines of Manchuria barley were grown in 
each of the three years. All appeared rather resistant except Man- 
churia, C81, which was the most susceptible of the twelve strains in 
both 1921 and 1922. It seems reasonable to conclude that this strain 
of Manchuria barley is more susceptible than other strains. 

Apparently, therefore, strain differences within the same vatiety 
may be of considerable importance. 
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It is not necessary to discuss in detail the behavior of each of the 
varieties tested, but the reaction of some of the more important com- 
mercial varieties will be briefly mentioned. 

Trebi, which appears in the table as III-20 and I-16-14, is a pure 
line resembling Coast. In describing Trebi barley, Harlan and others 
(4) said “The variety was not especially well adapted to Minnesota. 
: At Aberdeen the variety was in the first rank in the 
nursery from the beginning. It is especially adapted for irrigated 
conditions.” Trebi has yielded well at University Farm, St. Paul, 
Minn., but it is very susceptible to attacks of H. sativum. 


Fig. 1. Warietal Differences in Resistance to Helminthosporium sativum, Harvest Time, 1921 
At left, Manchuria, Minn. No. 184, resistant; in center, Arequipa, very susceptible; 
at right, Lion, susceptible. 


The new 6-rowed variety, Minsturdi, recently increased by the 
Minnesota station, appears resistant. It also excels in strength of straw 
and yield. It is particularly adapted to Southern Minnesota conditions. 

In the 6-rowed group, Mariout and Bay Brewing are extremely 
susceptible to H. sativum; while Lion, the smooth-awned, black, 
6-rowed variety, is rather susceptible. Gatami, the black, 6-rowed 
variety, appears susceptible. 


————e— 
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The hooded-hulled, white variety,, Horsford Beardless, appears 
resistant. 

In the naked, bearded, 6-rowed group, the variety Himalaya (Guy 
Mayle) appears susceptible, while Black Hull-less appears resistant. 
Nepal, the naked, hooded, white barley, is resistant. 

Three barleys belonging to the Hordeum intermedium species group 
showed considerable susceptibility. 

In the Hordeum distichon group, Hanna, Hannchen, Svanhals, 
Boltons, Chevalier, and Svansota appear resistant. These are hulled, 
bearded, white, rough-awned varieties. Svansota was produced from 
a cross of an unnamed United States Department of Agriculture 
variety and Svanhals. It appears especially adapted to the region 
around Duluth, Minn., and is being distributed for use in this area. 

In, the Hordeum deficicns group both susceptible and resistant 
varieties have been found. 

To determine the accuracy of the estimate of resistance by the 
reaction as obtained in a single five-foot row, the resistance or sus- 
ceptibility as obtained for the various years of the study was expressed 
numerically. Correlation coefficients were computed for the purpose 
of showing the extent to which resistance or susceptibility was an 
inherited character. As has been previously noted, environmental 
conditions widely modify the extent of infection. This was very evi- 
dent in the variety test carried on at Grand Rapids in 1921. One 
side of the field stood under water. early in the spring and the soil 
was somewhat over-supplied with moisture late in the season. The 
barley on this area was much more severely infected with spot blotch 
than that on the better drained parts of the field. 

The notes taken in 1920 were on the basis of the average infection 
of the varieties, while in 1921 and 1922 separate notes were taken on 
the infection of spikes, foliage, and roots of each variety. Correlation 
coefficients have been calculated which express the relation between 
the infections for successive seasons. If a variety was resistant one 
season and susceptible the following year the hope of controlling 
attacks of H. sativum by use of resistant varieties would not be very 
great. The correlation coefficténts for the infection in 1920 as com- 
| pared with 1921, and for 1921 as compared with 1922 are given in 
| Tables IV and V. The coefficients are .497+.073 and .616+.051. 
| These coefficients show, that heredity plays an important part in the 
extent to which a variety is infected. They likewise prove that a test 
for a single season in a single five-foot row, even when the varieties 
are artificially sprayed with H. sativum, is not sufficient to ascertain 
whether a variety is resistant or susceptible. 
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TABLE IV 
CorrELATION BETWEEN DrEGREE oF INFECTION OF 49 BARLEY STRAINS OR 
VARIETIES FOR 1920 AND 1921 


Degree of infection, 1921 
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TABLE V 
CorRELATION BETWEEN THE DEGREE oF INFECTION OF 67 BARLEY STRAINS OR 
VARIETIES FOR 1921 AND 1922 
Degree of infection, 1922 
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METHODS OF STUDYING MODE OF REACTION TO 
H. SATIVUM 


While the determination of the resistance of susceptibility of vari- 
eties of barley was the primary aim of the study, little was known 
regarding the better means of carrying on the tests. For this reason _ 
it seems desirable to present certain facts which show some of the diffi-, — 
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culties of the study and which likewise indicate the degree of accuracy 
with which the facts of resistance or susceptibility may be reached 
through a single season’s trial. 

It has been noted that separate notes were taken in 1921 and 1922 
on the average infection of spike, foliage, and roots of the varieties 
in the test. Correlation coefficients have been calculated which denote 
the behavior of the varieties in two successive years. They are given 
in Tables VI to VIII inclusive. 


TABLE VI 
‘CORRELATION BrTWEEN DerGrREE of Sprke INFECTICN OF 63 BARLEY VARIETIES OR 
STRAINS FOR 1921 AND 1922 


Degree of infection, 1922 
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r = +.488+.065 


TABLE VII 
CorRELATION BETWEEN Decrer or Roor INFECTION OF 66 BARLEY VARIETIES OR 
STRAINS FOR 1921 AND 1922 


Degree of infection, 1922 
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TABLE VIII 
CorreLaATion Between Decker or For1aGe INFECTION oF 65 BARLEY VARIETIES OR 
STRAINS FOR 1921 AND 1922 


Degree of infection, 1922 
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r = +.536+.060 


The results show a coefficient of .488-+.065 for the correlation 
between spike infection of the varieties grown in the two years of the 
test, .298-+.076 for root infection, and .536-+.c60 for foliage infection. 
Apparently the infection of the foliage is a better criterion of the 
genetic nature of a variety in relation to resistance or susceptibility 
than is either spike or root infection. 

The correlation obtained for average infection in 1921 in relation 
to that obtained in 1922, as has been previously noted, was .616+.051. 
This is slightly larger, altho not significantly so, than the coefficient 
obtained which shows the relation of spike and foliage infection for the 
two years. : ‘ 

Correlation coefficients were computed for 1921 and 1922 which 
show the extent to which an infection note on one part of a plant 
could be relied on to express the degree of infection which might be 
expected in another part of a plant of the same variety. The results 
of this study are presented in Table IX. 

The calculated coefficients were larger in all cases for 1922 than 
for 1921. They were all between 0.7 and 0.8 in 1922, indicating the 
reliability of the notes taken on the separate parts of plants. In 
1921 the coefficients were much smaller, showing that the amount 
of variability was greater in 1921 than in 1922 or that the experience 
gained in taking notes in 1921 aided in obtaining more accurate data 
in 1922. Results seem to justify taking separate notes on the degree 


of infection of separate parts of a plant as a means of determining 


whether a variety is resistant or susceptible. 
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TABLE IX 


CorRELATION CogkFFICIENTS WHICH Exprrss THE EXTENT TO WuHicH INFECTION IN ONE 
Part or A Prant May se Usep vo Estimate ture INFECTION IN ANOTHER 
Part or A PLant oF THE SAME VARIETY 


No. of strains Year 


Subject Relative or of Correlation 
varieties test coefficient 
Spike infection Root infection 64 1921 +.562+.048 
Spike infection Foliage infection 63 1921 +.646 + .047 
Root infection Foliage infection 65 1921 +.362+.073 
Spike infection Root infection 70 1922 “ +.713+.040 
Spike infection Foliage infection 70 1922 +.709+.040 
Root infection Foliage infection 70 1922 +.782+.031 


In the winter of 1922 an experiment was outlined to determine 
the possibility of using the greenhouse as a means of isolating varieties 
resistant to H. sativum. Ninety-eight varieties of barley were used. 
The study was carried in three series: 

1. Check series—The soil was steamed for four hours under 15 
pounds pressure. The seed was disinfected in silver nitrate 
for four hours. 

2. Inoculated series—The soil and the seed were treated as in the 
check series. The medium containing the fungus was added 
to the soil before the seed was planted. 

3. Infected soil series —The soil used was obtained from the field 
in which the study of reaction of barley varieties to H. satt- 
vum was carried on. The soil was not sterilized and the 
seed planted was not inoculated. 

Three pots of each variety were sown in Series 1 and 3 and four 
in Series 2. Twenty seeds each were sown in the pots of Series 3 and 
251m those of Series 1 and 2. 

Data were taken on percentage of germination, number of seed- 
lings killed, number of stunted seedlings, and degree of foot- and 
root-rot. 

The value of the various notes in relation to the reaction of barley 
varieties under field trial was determined by correlating the field 


infection with the greenhouse results. The data are presented in, 
Table X. 


Fig. 2. Varietal Resistance in the Grcenhouse, Inoculated Series, 1922-23 
At left, Mariout III-is, very susceptible; at right, Manchuria, Minn. No. 184, resistant. 


Fig. 3. Varietal Resistance in the Greenhouse, Infected Soil Series, 1922-23 .; 
At left, Lion 1-16-13, susceptible; at right, Manchuria, Minn. No. 184, resistant. 
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TABLE X 
CORRELATION COEFFICIENTS FOR INFECTION UNDER FiEeLtp ConpiTions IN RELATION TO 
INFECTION UNDER GREENHOUSE TEST 


Correlation 


Subject Relative coefficient 

Average root infection, 1921-22 Root infection, greenhouse. Average, 
SOIC SMaTaL A Cle MAS aA ocNy Reictrccseala Yore yc a +.341+.062 

Root infection, 1922 Root infection, greenhouse. Average, 
(steht GS pa ine halo Meo ie aa ae ele ae ae +.414+.057 

Average infection—root, spike, Root infection, greenhouse. Average, 
and foliage, 1921-22 Ones tere atl Ciaeh eet te he, fa haaci a Aid +.373+.061 

Average infection—root, spike, Percentage seedlings killed, green- 
and foliage, 1921-22 house. Average, series 1 and 2.... +.129+.067 


These results show that the greenhouse trial may be used as an 
aid to the determination of the mode of reaction under field conditions. 
The correlations .341+.062, 414+.057, and .373.061, which ex- 
press the relation, respectively, between average root infection, 
1921-22; root infection, 1922; and average infection of root, spike, 
and foliage 1921-22, as related to root infection under greenhouse 
conditions, are not significantly different. They are larger than the 
correlation for the degree of root infection for 1921 and 1922 which, 
as has been previously noted, was .2908+.076. The correlations for 
rceot infection under greenhouse conditions with the average infection 
under field conditions are somewhat smaller than those for infection 
in separate years under field conditions when coefficients of .497+.073 
and .616+.051 were obtained. 

Apparently the number of seedlings killed is not very strongly 
correlated with the inherited mode of reaction of a variety to H. 
sativum. 


COMPARATIVE RESISTANCE OF SMOOTH-AWNED STRAINS 
AND THEIR PARENTS 


As has been noted in the study of reaction of barley varieties to 
H., sativum, the smooth-awned black variety, Lion, is susceptible . The 
importance of resistance to H. sativum was not appreciated when the 
original hybrids of Lion Manchuria were made. The smooth- 
awned strains that were increased were soon found to be undesirable 
because of their susceptibility to spot blotch disease, and a new series 
was undertaken of crosses between various rough- and smooth-awned 
sorts. In all cases the smooth-awned parent used has been shown to 
be more susceptible to H. sativwm than was Manchuria. In the F, 
and F, generations natural epidemics of H. sativum were obtained and 
there was an opportunity to select resistant types. The thirty-nine 
purified hybrids, all of which are smooth-awned types, have been 


Fig. 4. Relative Reaction of Two Smooth-Awned Hybrids 


At left, culms of ManchuriaX Smooth-awned selection II-20-10, a resistant desirable 


type; at right, ArequipaXsmooth-awned selection II-21-36, rather susceptible. Disease nurs- 
ery, 1922. 


i 
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grown for two years in replicated rod rows in the plant breeding nur- 
sery and under artificially induced epidemic conditions in five-foot 
rows in the plant pathology nursery. As has been pointed out, a corre- 
lation of +.445+.087 was found between the yields obtained and the 
comparative reaction to H. sativum. Considering that a large number 
of susceptible forms were discarded from the trials, the correlation 
between yield and the reaction to the pathogene appears truly 


remarkable. 


Fig. 5. Relative Reaction of Two Smooth-Awned Hybrids 
At left, roots of II-20-10; at right, roots of IJ-21-36. 


The data for average reaction to H. sativum and average yield per 
acre are given in Table XI. Many more than half of the smooth- 
awned hybrids are as resistant as the resistant Manchuria parents, 
altho a few strains appear rather susceptible. The smooth-awned 
parent, Culture 284, is a segregate from a previous Lion-Manchuria 


cross. It is a white-hulled variety and appears somewhat superior to 


Lion. 
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Many of the crosses appear very promising and have given yields 
equal to the better Manchuria selections or superior. 

A few of the crosses have not given any hybrids as resistant as the 
better Manchuria strains. These are worth noting. The crosses be- 
tween Arequipa, Culture 267, and Smooth-Awn, Culture 284, gave a 
segregation for reaction to spot blotch disease, but none of the hybrids 


_—__}} 


Fig. 6. Relative Reaction of Two Smooth-awned Hybrids 
At left, spikes of resistant, smooth-awned hybrid II-20-10; at right, spikes of susceptible 
smooth-awned hybrid II-21-36. 


is as resistant as some strains obtained from other crosses. The Bay 
Brewing X Lion cross as well as those of Sandrel & Smooth Awn 
and Trebi & Smooth Awn are all somewhat susceptible. As would be 
expected, it is very difficult, if not impossible, to obtain resistance from 
a cross in which both parents are susceptible. This emphasizes the 
point, which is becoming generally recognized, that the greatest suc- 
cess can be expected from a well organized plant breeding mode of 


attack in which the parents are selected on the basis of certain desir- 
able characters which they possess. 
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SUMMARY 


1. Helminthosporium sativum Pammel, King and Bakke is the 
cause of a serious disease of barley. The disease appears in various 
ways and causes culm and foliage spots, foot- and root-rots, and seed- 
ling blight, and frequently prevents development of several seeds in 
each spike. 

2. A study of varietal resistance was made by sowing each variety 
in a five-foot row and spraying the plants at heading time, at intervals 
of a day or two, with spore suspensions of the causal organism. Yield 
tests of the same varieties were made in a separate field in replicated 
rod rows. 

3. The importance of the disease is apparent by the correlation 
between the degree of infection under epidemic conditions (the five- 
foot row trial) and the yield of the same varieties or strains in repli- 
cated rod-row trials. A correlation coefficient between yield and 
severity of infection for seventeen six-rowed strains was +.575+.109 
and for the thirty-nine purified smooth-awned hybrids was .445-+.087. 

4. Varietal resistance was found to be of utmost importance. In 
general, varieties which were resistant one year tended to be resistant 
the following year, while varieties that were susceptible one year 
tended to be susceptible the following year. Resistance and suscepti- 
bility, however, are relative characters and the degree of infection is 
widely influenced by environmental conditions. 

5. Barleys of the Manchuria type proved rather resistant, altho 
one strain of Manchuria appeared more susceptible each year of the 
trial than other strains. Mariout and Bay Brewing are extremely sus- 
ceptible, while Trebi and Lion are rather susceptible. Within the 
hulled, six-rowed group, therefore, all degrees of resistance and sus- 
ceptibility were obtained. 

6. The new six-rowed variety, Minsturdi, which excels in strength 
of straw and has been recently introduced to Minnesota farmers, 
appears resistant. : 

7. In the naked-bearded, six-rowed group, Himalaya appeared 
susceptible while Black Hull-less and Nepal were resistant. 

8. Nearly all of the more commonly grown two-rowed barleys 
proved resistant altho some of the two-rowed varieties that were 
tested proved susceptible. 

g. Three varieties belonging to the Hordeum intermedium group 
appeared susceptible, while both resistant and susceptible varieties 
were grown which belonged to the Hordeum deficiens group. 

to. Correlation coefficients were calculated which express the corre- 
lation of the severity of infection for the separate years of the trial. 
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Forty-nine varieties or strains were grown in both 1920 and 1921. 
The calculated coefficient of correlation for the degree of infection for 
these years was .497-+.073. Sixty-seven varieties or strains grown in 
both 1921 and 1922 gave a coefficient of correlation of .616+.051 for 
degree of infection for the separate years. 

It. Separate notes on the degree of infection of foliage, roots, 
and sp’kes were taken and correlation coefficients were calculated which 
expressed the extent to which infection in one part of a plant may be 
used to estimate the infection in another part of a plant of the same 
variety. The calculated coefficients ranged from .362+.073 to 
.464.047 in 1921 while all three coefficients were between .7 and 8 
in 1922. 

12. Seedlings of 98 barley varieties were grown in the greenhouse 
in soil inoculated with cultures of H. sativiwm, and notes were taken on 
root infection. The correlation coefficients which express the relation 
between root infection in the greenhouse and infection in the field 
were between .2 and .4. 

13. Thirty-nine smooth-awned hybrids which appeared homozy- 
gous were obtained for the most part from crosses between a smooth- 
awned susceptible variety and a rough-awned resistant variety. Both 
resistant and susceptible smooth-awned varieties were obtained. 

14. Under the conditions which prevail at University Farm, resist- 
ance to HH. sativum is a character which is of much importance to the 
plant breeder and the crop producer. 
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fo eee TANCE, STUDIES OF A CROSS 
BETWEEN LION AND MANCHURIA 


Several years ago a cross’ was made between Lion, a smooth-awned, 
black barley, and Manchuria, for the purpose of producing a smooth- 
awned variety of the Manchuria type. When the original cross was 
made it was not known that Lion was susceptible to Helminthosporium 
sativum P. K. and B. The first smooth-awned varieties produced 
from the Lion-Manchuria cross were found, after they had been tested 
for several years, to be susceptible to H. sat‘vum and for this reason 
were discarded altho under some conditions (in the absence of severe 
Helminthosporium injury) these new varieties gave high yields. [See 
Harlan and Hayes (5), Hayes and Stakman (6) |. 

Further crosses were made and special attention was paid to [el- 
minihosporium resistance as well as to plant type. Varieties are now 
available which appear as resistant as Manchuria and which in’ pre- 
liminary trials have given high yields. Because of the importance of 
the smooth-awn habit and of resistance to H. sativum it seemed desir- 
able to make a careful study of the mode of inheritance of these char- 
acters in the Lion-Manchuria cross. The results will be presented in 
the following order: (1) Inheritance of awn habit and black vs. white 
color. (2) Inheritance of reaction to H. sativum. (3) Correlation 
between reaction to H. sativum and botanical characters. 


DINE E RANCH IOE AWN HABIT AND BLACK VS. WHITE COLOR 


Harlan (3) discussed the introduction of smooth-awned barleys 
into the United States and pointed out that all smooth-awned barleys 
are not equally smooth. The fact was emphasized that the teeth which 
occur on the upper part of the awn of smooth-awned barleys are not 
particularly objectionable, as the awns are so smooth that they can be 
pulled across the face in either direction without roughness being ap- 
parent except at the tip. By the time the barley spike is mature the 
tip of the dwn frequently breaks off, so that the part on which teeth 
are borne may be lost before the crop is handled at threshing time. 

Vavilov (11) has pointed out that smooth-awned barleys probably 
were originally obtained by hybridization. This conclusion was 
reached as a result of certain crosses between rough-awned varieties 
in which some smooth-awned plants were obtained in F,. As a rule 
the progeny of smooth-awned plants bred true for the smooth-awned 

1 The crosses were made by the Office of Cereal Investigations, U. S. Dept. of Agr. 


Subsequent breeding studies have been carried on by the Minnesota Agricultural Experiment 
Station in co-operation with the Office of Cereal Investigations, 
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character. Smooth- and rough-awned barleys in some crosses appar: 
ently differed in several inherited factors for awn condition. These 
factors modified the character, form, and frequency of the teeth pro- 
duced on rough-awned varieties. 

The studies of inheritance reported here are from the F, to Fy, 
generations of crosses between a pure line of Lion, a black, six-rowed, 
smooth-awned barley; and a pure line of Manchuria, a white, six- 
rowed, rough-awned variety. From observations made on other 
smooth-awned strains it was apparent that there was a considerable 
range in degree of smoothness of the awns in the segregating genera- 
tions. Accordingly, the F, generation of the Lion-Manchuria cross 
was class‘fied into three groups, rough, intermediate smooth, and 
smooth. 


Fig. 7. Lengthwise Section of Average Awn of Lion and Manchuria Barleys 
Enlarged approximately eight times. (Drawing by George) 


The rough group, similar to Manchuria, produced teeth on the 
entire length of the awn. All smooth-awned barleys that have been 
grown at the Minnesota Experiment Station have some teeth on the 
tip of the awn and also have teeth at the extreme lower base of the 
awn, altho in the smooth-awned barleys there are teeth on the “base 
for only a short distance. A comparison of the relative size and num- 
ber of teeth on Lion and Manchuria barleys may be seen in Figure 7. 
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In discussing the relative smoothness of the awns of various smooth- 
awned hybrids the teeth at the awn base will be disregarded. 

The intermediate group produced teeth on approximately the upper 
half of the awn altho there was some part of the lower half of the awn 
upon which no teeth were apparent; while the smooth group produced 
teeth on approximately the upper third of the awn only. 

The F, generation grown in 1918 from nine separate F, plants is 
classified in Table XII for color of spike and condition of awn. Of 
315 plants, 225 were rough-awned and go were smooth-awned. The 
deviation from expectation on the basis of a single main factor differ- 
ence between rough and smooth is 11.25, while the probable error on 
the basis of 315 individuals is 5.18.2 A deviation as great as this 
might be expected to occur about once in every 7.28 trials. There were 
225 black and 90 white, the same ratio as was obtained for rough vs. 
smooth awns. 


Fig. 8. Lengthwise Section of Average Awn of Two Families of Lion Manchuria Barley 

At left, average awn of a plant of the smooth-awned hybrid family, Culture No. 205; 
at right, average awn of a plant of the intermediate smooth-awned hybrid family, Culture 
No. 266. Enlarged approximately eight times. (Drawing by George.) 


2 Probable errors of Mendelian ratios were obtained from tables of probable errors from 
the Department of Plant Breeding, Cornell University. 
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TABLE. XE 
F. GENERATION OF Lion X Mancuurta CLassiFIED FoR CoLtor AND ConpDITION OF AWN 
“Interm. smooth” “Smooth”’ 
2 “Rough” $1. rough V. Si. rough 
plant No. ——— ———— — - : 
Black White Black White Black White 
52 25 9 5 5 2 I 
54 9 8 8 I 4 i 
49 13 9 4 3 3 : 
50 19 B 12 I 5 1 
51 19 10 2 4 fi I 
53 17 5 3 5 2 oO 
56A 26 9 I to) 2} 2 
56 Il 6 3 2 2 to) 
55 22 g 2 t) 3 I 
Total 161 64 40 18 24 8 
225 58 32 


There was no apparent linkage in inheritance of the allelomorphic 
pairs for rough vs. smooth awn and black vs. white color, as may be 
noted by an examination of the results obtained in F,. 


Black Black White White 

rough smooth rough smooth Total 
Observed? 4... shine ne 161 64 64 26 315 
Calewlatedin syyrrenrcn cr es 177 59 59 20 315 
Difkerence we .aabtaniaeely 16 5 5 6 ° 

XP AOS P S4.2543 


Further proof that black and white are dependent for their ex- 
pression upon a main factor difference was obtained from the F, gen- 
eration. Of a total of 62 F, families planted from black F, plants 
selected et random, 18 were homozygous for black an 44 produced 
both black and white plants. . 

In order to make a more exact study of the mode of inheritance of 
the smooth’ vs. rough awn habit, the various plants were classified by 
determining what part of the total length of the awn produced teeth 
rather regularly. 

An awn of average length was taken from the center of the main 
spike of each plant and was carefully examined under the binocular. 
The distance on the tip of the awn upon which teeth were regularly 
borne was measured. The total length of the awn was divided by the 
length of the tip upon which teeth were found. The result obtained 
was called the awn index; the larger the index the smoother the awn, 
and vice versa. 

Plants of the Lion parent with different indices were selected and 
the progeny were compared for awn index value. (See Table XIII.) 
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TABLE XIII 


INHERITANCE StuDIES or AWN INDEX VALUES WITH THE LION PARENT 


Index of Awn index classes, progeny 
parent Year = 
plant grown 2.5 2.8 3.1 Back a7, 4.0 4.3 4.6 4.9 5.2 55 
1921 I 14 21 21 18 4 4 1 1 
ait 1922 4 2 I ie 
3:0 se I 6 3 1 
4.0 ‘s 1 4 I 1 I 
2.5 us I 2 I 2 1 
3.4 I 2 5 3 2 I 
3-3 * 4 6 2 I 
3-4 1 5 2 2 
4.0 cf I 8 3 I I 
i by I I 2 2 I t I 
30 € 3 3 I 2 2 
27 Be 1 2 I I 
3.2 sg 2 I I 
2.8 $6 2 3 4 2 2 I 
2.8 ee 3 3 I 2 I I 
27 es T 2 2 2 4 
SPotallls sy siraehsys-12 1922 17 30 50 26 19 7 2 I ° I I 


The results obtained for the Lion parent indicate a considerable 
range of variability for the awn index. There is, however, little indi- 
cation that the variations are heritable, for little or no relation is 
apparent between the index of the parent plants and the index of the 
progeny. Such fluctuations as appear on individual plants of the Lion 
parent are apparently not heritable. 

A careful examination was made in 1921 of the spikes of nearly 
three hundred F, plants of the Lion-Manchuria cross for degree of 
smoothness of awn. The results are compared with the parents, Man- 
churia and Lion, and are also compared with various F, families which 
were grown the same season from F, plants whose awn indices were 
known. This material was likewise tested for reaction to H. sativum. 
A summary of the results for awn indices is given in Table XIV. 

There were 203 rough-awned F, plants and 85 smooth-awned plants 
of various degrees of smoothness. Of these, 39 had teeth for a greater 
distance on the awn than is usual on the Lion parent. On the basis 
that there is a single main factor difference between rough and smooth 
awn, the expected ratio for 288 plants would be 216:72. The deviation 
from expectation is 13 and the probable error in numbers for 288 
plants on a 3:1 basis is 4.96. The deviation divided by the probable 
error is 2.6. A deviation as great as this might be expected to occur 
once in every 12.58 trials. 
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TABLE XIV 


INHEFITANCE OF SMooTH VERSUS RovucH Awn Hapit In Fo ann Fs oF THE Cross 
Between Lion ano Mancuurta 


Awn : 
Cul- index of No. of Awn index classes of progeny 
Variety ture parent fami- 
No. plant lies Tl0° 453) Big) 238° 3 a7 eee sa 
Manchuria 6 66 
Lion 6 97 62 3 2 
Man. X Lion Fe 7 2 1338s 30) 7 
Man. X Lion Fs: 166 a5 I 15 
ec 170 Sat I 10 
se 182 1.8 16 
Se 252 1.6 16 
fs 266 1.0 3 8 
Total 5 : BLO 
Man. X Lion F3 171 1.8 10 6 
a 174 2.2 ‘ 9) 9 
sf 175 2.0 8 I 
st 172 Qui Il iz 
Qh 207 1.9 I 12 2 
Bee 216 2.2 i 12 I 
cg 236 2.3 8 12 
ch 237 223 10 7 
cat 238 1.8 18 6 
8 240 21 7 v7 
LG 18% 2h TO 5 
se 217, 2.0 14 6 
Cg 270 2.0 6 14 
Total 13 25 IGOr 78 
Man.. X Lion Fs 169 2.0 a 5 2 
WY 173 2.1 9 3 I 
ee 176 2.2 9 4 $i 
Gg 177 2.2 3 2 5 IT 
es 215 232 5 9 I 
GS 218 1.8 & 4 6 . 
“ 249 1.8 ; I 7 2 2 I 
“ 253 1.6 2 2 2 2 
< 270 2.0 I 10 I 2 I 
Gi 272 1.9 9 9 4 
cs 273 rei 5 5 2 
= 282 1.8 8 6 I 
Total 12 4 77 | 52 eo 5 
Man. X Lion F3 206 22 13 zB I nf 
Cy 208 2.4 3 55 6 T 
Total 2) 3 18 8 2 I 
Man. X Lion Fs 165 3.3 9 8 
es 205 3.8 9 8 4 
ch 239 3.4 2 SOR see 
co 248 2.6 2 5 2 
Oy 281 2.8 cs 4 2 Ng 
Total 5 15 32 17 6 
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TABLE X1IV—Concluded 


INHERITANCE OF SmooTH VeERsus Roucit Awn Hagzir IN F, anpD F, or tHe Cross 
Between Lion ano MAancuurtia 


Awn 
Cul- index of \ No. of Awn index classes of progeny 
Variety ture parent fami- 
No. plant lies WO a3 1. SO aie .- ae" ab | 5.8 6.4 
Man. X Lion Fs 250 27, ; 7 5 2 E 
ise 280 2.9 I 8 9 I I 
Total 2 FS ice fe pues 3 I 
Man. X Lion Fs Total 1.0 21 338 
“ 185 1.0 13 2 I 
“ 187 1.0 II 4 5 
“ 192 1.0 2 3 
“ 194 1.0 19 T 3 = 
“ 197 1.0 7 3 
« 198 10 8 i 
“ 220 1.0 16 I I 
“ 227, 1.0 9 I I 
“ 228 10 14 Z I 
“ 231 1.0 12 2 2 
“ 232 1.0 15 3 
“ 241 1.0 14 4 I 
oo 244 1.0 2t 3) I 
Co 247 1.0 IT 4) 
Cs 254 1.0 4 if 
G3 258 1.0 14 7, I 
af 260 1.0 12 I 
$8 ; 261 1.0 Te I I 
as 262 1.0 a, 4 I 
Total 19 221 nee 
Man. X Lion F3 219 1.0 12 2 2 2 
; © 224 1.0 13 I I 
s 234 1.0 9 I 5 I 
ae 235 1.0 a 2 3 I 
“¢ 245 1.0 17 2 2 I ‘ 
es 246 10 5 I I 
© ss 255 1.0 ie 3 3 2 
se 257 1.0 9 2 2 2 
Total 8 91 TA U7, = Lt 
“Man. X Lion F; IgI T.0 16 2 2 
ses 193 1.0 Pee Sate 3 2 
es 202 — 1.0 9 5 I 
ae 213 1.0 5 3 
SS 214 Tote 12 2 2 I 
« 223 1.0 13 I , 
Me 225 1.0 II 2 2 
s 229 1.0 16 I 7 
cs ; 250 1.0 13 2 4 2 
( 2653) — 1.0 19 I 2 
= 268 tro) 10 4 5) 3 I 
cs 277 1.0 13 3 4 
men 278 1.0 9 3 3 
Total ‘ 13 160 Ai Sp AE I 
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A total of 63 F, lines from rough-awned F, plants was grown. Of 
this number, 21 bred true for the rough-awn habit while 42 gave both 
rough- and smooth-awned plants. These results give further proot 
that a single main factor differentiates rough- and smooth-awned types. 
The F, families which produced both rough- and smooth-awned plants 
were placed in three different groups on the basis of the degree of 
smoothness of the smooth-awned segregates. In one group of 19 fami- 
lies the awn index of the smooth-awned plants was low. In another 
group of 13 families the smooth-awned plants were all of an awn index 
similar to that of the smooth-awned parent, Lion; while the third 
group contained smooth-awned plants of both a high and a low awn 
index. The numbers of individuals were small in these F, lines. The 
F, families which produced both grades of smooth-awned individuals 
are without doubt genotypically of the nature indicated. The number 
of individuals in the F, families in which rough-awned plants and 
smooth-awned plants obtained were in either the low index group or 
in the high index group, was too small to prove conclusively that the 
particular family was genotypically capable of producing only one 
class of smooth-awned plants. 

In the 63 families which segregated giving both smooth-awned and 
rough-awned plants, there were 644 plants, of which 172 were smooth- 
awned. On a 3:1 basis, 161 smooth-awned plants should be expected. 
The deviation. from expectation is 11 and the probable error for a 3:1 
ratio on the basis of 644 individuals is 7.41. 

All smooth-awned F, plants bred true for the smooth-awned con- 
dition in F,. The F, families were, however, of different apparent 
type, for some produced only plants of low-awn indices, others pro- 
duced only plants of high-awn indices, while still others. produced _ 
some smooth-awned plants of both low- and high-awn indices. 

Several lines from different F, types were tested by growing F, 
progeny. (See Table XV.) 

From the F, group with the lowest average index, two lines were 
selected, Nos. 166 and 266. Both bred comparatively true to the low 
index habit in I*,, altho family 266 produced a somewhat lower average 
index than family 166. . 

From the near intermediate smooth group 6 lines were tested in F,,. 
Of these, 2 gave rather clear indication of segregation while 4 bred 
comparatively true. Of the 5 segregating lines, 4 gave evidence in F, 
that showed that these 4 lines were not homozygous. From the fifth 
line, F, plants with a high awn index only were selected for planting 
in F,. The two lines tested bred true for the high index character, 
The 4 F, families with as high average index as Lion, bred true for a 
high index in F,. 


i 
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TABLE XV 
F, Brrepinc BrHAvior IN RELATION TO Fz, Group For AwNn INDEX 

Awn 
Parent index of Group of Awn index classes of progeny 
plant parent parent plant Gen, —— — 5 

plant 1.3 ToL. 12:5 uy 4.6 5.5 6.4 
166 2.5 Int. smooth 3 15 
166-3 _ 2.0 “ 4 I 10 5 
166-4 2.0 4 5 2 
166-13 1.7 4 14 
266 1.0 Int. smooth 3 3 8 
266-9 1.6 4 3 16 
266-12 1.8 4 r 8 
266-5 1.6 4 I 7 
174 Near Int. smooth 3 9 9 
174-6 2.6 4 I 7 I 
174-10 2.0 4 a 
181 @.t Near Int. smooth 3 10 5 
181-14 a8 4 3 12 
181-3 2.0 4 4 5 
181-10 2.1 4 2 18 
207 1.9 Near Int. smooth 3 I 12 2 
207-12 2.6 4 I II 
207-14 1.5 4 I 19 
207-3 1.5 4 3 19 
271 2.0 Near Int. smooth 2 6 14 
271-12 4 I 5 5 1 
271-5 4 2 9 3 3 
236 2.3 Near Int. smooth 3 8 12 
236-1 2.0 4 16 6 I 
236-11 2.9 4 20 I 
237 233 Near Int. smooth 3 10 7 
237-2 3-1 4 2 6 3 I 
237-5 2.5 4 13 8 I 
77 22 Segregating 8 3 2 5 I 
177-1 ae 4 2 2 
177-4 2.3 4 T 5 2 
218 1.8 Segregating 3 3 4 6 2 
218-2 Rios] 4 15 4 I 
218-3 2.8 4 3 5 12 4 1 
218-4 3.8 4 I vm 10 A 
218-5 4.1 4 13 6 I 4 
218-12 4.0 4 9 8 4 
218-15 3.4 4 2 12 5 I 
249 1.8 Segregating é) I 5) 2 2 I 
249-3 1.4 4 10 3 2 
249-7 1.8 4 D 15 
249-10 4.2 fi 3 12 
253 1.6 Segregating B 2 2 2 2 
253-1. 3-7 4 9 6 3 
253-3 1.4 4 4 I 
253-7 2.3 4 17 2 
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TABLE XV—Concluded 
Fy, Breevinc Brnayrior In ReLation To Fz Grour ror Awn INDEX 


Parent es Group of . Awn index classes of progeny 
plant parent parent plant Gen. — - -- 

plant 1.3 TOpeess a7 4.6 5.5 6.4 
250 2.7 Segregating 3 7 5 2 
250-1 3.3 4 5 2 4 4 
250-17 3.8 4 I 8 4 
206 2.2 Smooth 3 13 2 I 
206-6 4.1 4 6 4 3 3 3 
205 3.8 Smooth 3 9 8 4 
205-2 4.0 4 I II I 
205-3 4.0 4 4 II 4 
205-13 4.1 4 2 Ui 4 2 2 
248 2.6 Smooth 3 2 5 2 
248-5 3-2 4 3 5 5 2 
248-6 4.0 4 9 I 
248-4 2.8 4 3 5 
239 3.4 Smooth 3 6 5 2 
239-8 4 5 I . I 
239-9 4 3 2 
239-15 4 2 6 5 5 2 
239-2 4.4 4 5 16 I I 
239-12 3.3 4 2 9 7 I 
239-13 4-7 4 5 13 3 T I 
239-16 4.6 4 6 Il 5 I 
239-17 3.2 4 5 5 2 


These results prove that the degree of smoothness of the awn is 
an inherited character and apparently dependent on genetic factors. 


The simplest explanation is that there is one main factor which differ- _ 


entiates smooth- and rough-awned types and that modifying factors 
determine the degree of smoothness of. the awns of the smooth-awned 
plants. This seems a better explanation than the view of a variable 
factor, for types breed true in F, and F, for different degrees of 
smoothness. 
INHERITANCE OF REACTION TO H. SATIVUM 

The F, and F, families, of which from 10 to 25 plants each were 
grown, were inoculated about heading time by spraying with a spore 
suspension of Helminthosporium sativum. About harvest time a sepa- 
rate note was taken on each plant on the degree of infection of spike, 
culm and leaves together, and root. The notes were taken as heavy, 
medium, light, and trace, plus and minus signs being used to denote 


deviation from the class centers. In order to average the results the 


following numerical figures were used: 


trace 


== 1G) medium — = 6 heavy — = 3 
light — = 9 medium =e heavy = 
light as medium + = 4 heavy + = 1 
elt 7 
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By averaging the results for the three groups a numerical index 
of degree of infection was obtained. The least infection obtainable 
was represented by trace, or 30, while the heaviest obtainable infection 
would be heavy + or 3, i.e, heavy + on spike, culm and leaves, and 
root. 

At frequent intervals, approximately every tenth to twentieth row, 
the parents were planted. 

The difficulty of a study of this kind is that environmental condi- 
tions so widely influence the degree of infection. In a single resistant 
variety, such as Manchuria, plants may be found which are very 
heavily infected, altho the other plants in the population may escape 
serious injury. Similarly, a susceptible variety, such as Lion, may 
produce an occasional plant which is only moderately infected. These 
facts may be illustrated by the variations obtained in 1921 from the 
parental rows. 

TABLE XVI 


VARIATION IN INFECTION OF Rows oF Pure Lines oF MAancHuRIA AND Lion BaRrLeys 


Range of infection 


Variety Row numerically Mean 
No. expressed infection 
EHNA ears) sui sie'esjcoas aves ove 167 6-8 6.9 
PVEAIGUNI AY Seemestige es wie eee 8 ew 168 12 — 22 17.0 
TORII Shinn pce ag COS 178 6 =13 ipa 
PRCT! On vy ls wis ok ae ee wa 179 14 — 18 15.7 
OM Rater saa a tecviais aie a = 5 Scie 189 7 oe 11.5 
VUELTA ark ie cctik kb see eee Vas 190 I2 — 23 18.2 
TLE Coy cb os Oe 200 6-13 9.6 
PV Tracts atmerete: secsns cies c/aitru ne ss «ate 201 8 — 16 sien’ 
HERON MMMM Serer o- cic ois wco-e ek a os 221 7 — 14 71,2 
lie gete) A0ES Cl en hr 222 9 — 20 18.3 
NOLOr ME ere sack ess sates sv ese 242 II — 17 14.2 
IMIERSVEIT Shc" | Spc ee ee eee 243 II — 23 17.9 
ERIM eed daira vahinj 50 8'e) b's ae, ve he 263 10 — 15 1233 
MVR AUtI a metesa=\ secs, svc cracsciayo sche 264 to — 18 14.1 
LSE 5 coi oe eRe 284 9-17 13.3 
RVR TAGHNEE Itnv a ctcv cha WeA\'ays love's. spss vie 285 10 — 23 17.4 
LONG? Si ate ot a er ae 305 B= ke 8.3 
"Milani Spine. onk eee ea 306 6 — 26 16.8 


In order to discover whether the difference in reaction of individual 
plants with a pure line such as Lion or Manchuria was heritable, 
several plants of both a high and a low infection were selected and 
their progeny grown the following year. Within each pure line the 
progeny from the plants which were severely infected in 1921 were 
no more severely injured in 1922 than the progeny from the plants 
which in 1921 were only slightly injured. The following will serve 
as typical illustrations : 
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Average Average 
Variety Parent infection of infection 
plant parent plant of progeny 

Mianchainraneirtisrct scans ore otontrens 168-11 14 » 26.5 
Marickueiare ys ic. Sacueape eg kbar at 168-7 22 23.8 
Mianeharia, fics nines ores alee 1790-7 14 27.8 
Manchuria lt (5 test errr a tavernas 179-5 18 26.5 
Manichiumtal ns tan aecccnte ec sfore sere iets 264-10 Il ‘24.8 
Miamcbyrrsias tetas s.< =. Gates ccsveraucy dhegeret eee 264-9 18 25.3 
Tm. Ba Ne rasta ane he het cces teeta 189-1 7 19.2 
LEGON” Gore vern Sea wanes ase ns cereen rotons 189-15 16 18.4 
TION outa ket oa ee eee eter eee 200-4 7 15.6 
Lion = Bivcicnsceisinetine carat 200-1 — 13 es 
TtOth eS th eh a ans os Ee ee eas 263-4 10 13.1 
TtOihe oy mae Aen wom ote eels Ree 263-12 14 13.4 


The variability which was obtained from the various cultures of 
the parents may be noted from the data given in Table XVII. In 1921 
the barley plots were planted much later than in 1922. Both varieties 
were much more severely infected in 1921 than in 1922. In fact the 
resistant variety, Manchuria, was nearly as severely infected in 1921 
as the susceptible variety, Lion, was in 1922. There was, however, a 
very significant difference in both years between the average infection 
of the two varieties. 

The standard deviations for the susceptible variety, Lion, were 
larger in both years than for Manchuria, altho the differences are not 
statistically very significant. 

The probable error of a single determination, i.e., the use of a single 
row for Lion, in 1922, would be 2.46X.6745, or 1.66. This shows 
that rather large deviations may be expected. 

The means of 124 F, lines of the Manchuria-Lion cross are given 
also in Table XVII. While the means cover as wide a range of varia- 
bility as the combined range of Lion and Manchuria, the calculated 
standard deviation is only .86-+.40 greater than for Lion, which is not 
statistically very significant. 

As has been mentioned, Lion and ‘Manchuria were rene every 
tenth to twentieth row. After comparing the means obtained for the 
parent lines with those obtained for the hybrids, certain hybrid fami- 
lies were selected which appeared to be either as susceptible as Lion 
or as resistant as Manchuria. Within each apparently susceptible F, 
line two of the most resistant plants and one susceptible plant were 
selected, and within each apparently resistant family two of the most 
susceptible plants and one resistant plant were selected. An F, culture 
was grown in 1923 from each of these selected plants. 

Average results are given in Table XVIII for the various rows of 
the parents and crosses. 


Fig. 9. Reaction of Manchuria and Lion to H. sativum. 
At left, culms of Manchuria; at right, culms of Lion. 
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In 1921 only a single row of each culture was grown, while in 1922 
each parent check culture was represented by two rows, while each 
hybrid culture consisted of 3 rows. Each row of each hybrid line was 
the progeny from an individually selected plant whose reaction was 


The reactions in 1922 for each line are given in the same 
Thus three 


were 


known. 
order in the table as the reaction for the parent plants. 


plants of the line 173, with reaction indices of 6, I1, and 13, 

selected in 1921. The progeny of these three plants gave mean reac- 

tions of 13.5, 12.7, and 20.7, respectively. There is some evidence in 
ih 7 I y 


this line of a heterozygous condition. Line 203, however, in which 


sativum 


Fig. 10. Reaction of Manchuria and Lion to H. 
At left, spikes of Manchuria; at right, spikes of Lion. 


individual plants with reactions of 11, 12, and 20 were selected, pro- 
duced progeny with average reactions of 24.6, 22.0, and 23.6. The 
evidence obtained indicates that the line 203 is homozygous and re- 
sistant. A careful examination of the results leads one to conclude 
that some of the hybrid lines are resistant like Manchuria while others 


40 TECHNICAL BULLETIN 21 
TABLE XVIII 
Reaction to Al. sativwm or MancuurtaA, Lion, AND F3 LINES OF THE 
Mancuvria-Lion ‘Cross 
Reac- é Average 
Variety tion Mean reaction 1922 Average 1921, Reaction, 
1921 1922 1922 parent plants 
Lion 6.9 mA i cee Taio 8 6 
Manchuria 17.0 26.5 33.8 Rene 25.2 272 14 22 os 
166 9.1 24.4 19.6 22.3 22.1 15.6 6 12 pe 
173 8.4 13-5 ay) 20.7 15.6 12.0 6 11 13 
174 7.6 13.8 12.4 ae 13.1 10.4 6 be) ae 
177 9.2 13.9 12.0 11.4 12.4 10.8 6 12 14 
181 15.8 18.2 215 seat 19.9 17.9 12 23 fe 
185 16.7 22.2 25.0 aay) 24.3 20.5 Gf 15 23 
203 16.6 24.6 22.0 23.6 23.4 20.0 II 12 2a 
204 aa) 23m. 24.8 23.6 24.0 19.6 II 12 20 
Lion II.1 19.5 fete 19.5 15.3 13 ae 
Manchuria DST 27.8 26.5 iia) Pp init 14 18 
193 10.0 26.4 26.2 eee 26.3 18.2 7 I5 
202 7.6 16.9 20.6 19.7 19.1 18.4 7 9 10 
229 1213 18.4 18.7 19.1 18.7 Tas 7 15 16 
230 9.5 22.6 22.4 18.2 2 sun 16.3 7 14 14 
Lion Tats 19.2 18.4 18.8 15.2 7 16 
Manchuria 18.2 28.9 28.4 2357) 235 12 22 
207 153 24.2 25.2 At 24.5 19.4 Tr 12 
218 16.0 22.4 18.1 Doe! 21.3) 18.7 11 12 20 
219 T5.7, 22.3 19.2 26.4 22.6 19.2 iI It 2 
224 16.1 20.7 25a 2556 23.8 20.0 11 13 21 
Lion 9.6 125 is.5 14.5 12.0 7 13 
Manchuria 13.1 25.4 24.3 Rages 24.9 18.5 8 16 ae 
247 14.0 15.0 18.5 18 0 17-2 15.6 11 16 16 
248 10.3 16.6 Lises 16.1 16.0 L3.2 6 13 13 
249 11.4 20.7 24.9 25.0 24.0 Ley 10 is. 16 
253 10.6 18.8 16.8 19.4 18.3 14.5 7 13 14 
Lion 11.2 19:2 18.7 19.0 15.2 
Manchuria mse 26.8 eae eae 26.8 Pay are Re 
228 15.2 Picks, 26.9 28.0 25-5 20.4 12 12 20 
235 17.0 19.4 23.9 18.0 20.4 18.7 a4 13 22 
239 16.4 16.0 C52 er, 15.6 16.0 13 18 
241 18.7 20:7 17.8 Ady 20,1 19.4 15 15 21 
Lion 14.2 TOW7 14.7, Boi: 15.0 saul 17 
Manchuria 17.9 PEE ashe aed 25.2 21.6 21 ah i 
257 L1.9 19.2 17g 25.6 20.7 16.3 yf 17 ‘17 
258 12.8 18.8 20.1 16.6 18.5 T527, 6 17 17 
259 12.9 iy) 15.0 16.3 14.9 13.9 8 16 19 
274 118 19.8 22:2 21.0 16.4 15 18 
Lion 12.3 9.0 13.8 ni78 10.0 4 17 
Manchuria 14.1 23.8 23.8 ress 23.8 19.0 10 18 
250 15.0 18.7 14.7 18.9 17.4 16.2 13 13 20 
260 15-4 10.7 20.2 A 20.0 nee 9 18 te 
262 19.0 18.2 21.0 TAG TORS 19 2 15 16 22 
265 16.9 18.0 18.2 .0 77 T7638 ae 14 21 
266 22.0 200 £7.36 Ay 18.4 20.2 19 20 25 
207 19 5 171.3 21.8 23.8 21.0 20.3 12 16 24 
271 11.8 13.5) Tou: Se Tis 03.5) 15 18 ia 
283 75 18.5 19.7 13.5 17.2 17.4 12 14 2r 
Lion 12.3 13.4 gar 13.3 12.8 10 14 Ar 
Manchuria 14 2 21.8 25.3 25.1 19.6 hip 18 é 
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are as susceptible as Lion. Sixteen of the 36 families were selected 
in F, because they appeared as susceptible as the Lion parent. The 
following, on the basis of combined results for the two years, appear 
aepsusceptiple as Lion: Lines 174, 177, 220, 230, 248, 253, 259,' and 
271, and were presumably homozygous in F, for susceptibility. The 
lines which appear resistant on the basis of the two years’ study are 
as follows: Lines 185, 203, 204, and possibly 219, 224, and 228. Line 
193, which was apparently susceptible in F,, appeared highly resistant 
in F,, while Line 239,-which appeared resistant in F;, appeared sus- 
ceptible in Fy. 

A correlation coefficient was calculated to determine the degree of 
correlation obtained from the F, result as determined from a single- 
row trial, and the result as obtained from an average of 3 rows for 
the various progeny lines in F,. 


TABLE XIX 
CorreLation Between Reaction To Helminthosporium in Fz, Lines AND Fy Lines — 


Reaction, 1921 
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The caiculated coefficient of correlation, +.256=r.105, is about two 
and a half times its probable error. It seems reasonable to conclude 
that by the use of several rows of a line systematically distributed over 
the field, a fairly reliable criterion of resistance and susceptibility 
could be obtained. : 

The evidence presented wouid indicate that from 124 F, lines which 
were grown in F., 8 were homozygous for susceptibility and 6 for 
resistance. Results of this nature could be explained on the hypothesis 
that Lion and Manchuria differed by two main factors for resistance 
and susceptibility to H. sativum. The presence of both factors might 
be considered to lead to the production of resistance while the absence 
of both might be supposed to produce a susceptible type. 

Seed from the various plants of a family of 7o of the F, lines 
grown in the field in 1922, was mixed together and planted in the 
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greenhouse in infected soil from the field plot and in sterilized soil 
inoculated with a culture of H. sativwm. From the study of various 
barley varieties, the conclusion was reached that root infection under 
greenhouse conditions was the best criterion of resistance and sus- 
ceptibility under field conditions. 

A correlation coefficient was calculated to show the degree of cor- 
relation in infection under field conditions and the root infection under 
greenhouse conditions. The correlation coefficient obtained was 
+.118+.079. From an examination of Table XX it may be noted 
that several lines which were apparently highly resistant under field 
test were susceptible under the greenhouse test. The correlation coeffi- 
cient is so small in relation to its probable error that it is not significant. 

TABLE XX 
CoRRELATION BETWEEN THE Reaction TO H. sativum UNDER FieL_p Conpirions oF Fy LINEs 


OF THE Cross BETWEEN Lion AND MANCHURIA WITH THE AVERAGE Root 
InrectTion oF THEIR F; PRoGENyY UNDER GREENHOUSE TEST 


Average reaction under field conditions, 1922 
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The apparent lack of correlation between field and greenhouse trials 
might, however, be a result of the inaccuracy of the test rather than a 
real lack of relation. To further test this point, the thirty-six F, 
families which were selected as possibly homozygous for resistance and 
susceptibility were used. The average reaction to H. sativum in the 
field in 1921 and 1922 was computed for these 36 families. It will be 
recalled that only a single row of each was grown in 1921 and that 
3 plants were selected in 1921 from each of, the 36 families to test in 
1922. The average field result for 1921-22 is then based on four rows, 
one of which was grown in 1921 and the other three in 1922. All 
three rows of each line were, however, grown side by side in 1922. 
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The greenhouse work consisted of a test of two of each of the 
three lines of each of the 36 families except in two cases where only 
ene line was available. The results from these two lines were averaged, 
each Ine being tested in sterilized soil which was inoculated with H. 
sativum and in infected soil from the field plot. 

A correlation coefficient of -+-.426-+.092 was obtained. This ex- 
presses the degree of correlation for the average field reaction in 1921 
and 1922 to H. sativum of 36 F, Manchuria-Lion crosses with the 
root infection obtained in the greenhouse. This coefficient gives fur- 
ther evidence to prove that resistance and susceptibility to H. sativum 
are inherited characters. The correlation is very much larger~than 
that obtained from the use of a single field row and a single greenhouse 
test. It gives furher evidence to show that in studying the mode of 
reaction to H. sativum it is essential to use several plots in order to 
obtain a reliable result. Replication would certainly be of value in a 
study of this nature. 

TABLE XXI 


CorrELATION BETWEEN AvrRraAGE REAcTION TO H. sativum IN THE FIELD UNDER F3 AND F, 
Test or 36 Fs Lines oF tre Cross Lion K MaNCHURIA WHICH WERE SELECTED IN 
Fs; EitHer as Reststant as MancuurRIA OR AS SUSCEPTIELE AS Lion 
WITH THE AVERAGE REACTION AS DETERMINED BY THE Root 
INFECTION UNDER GREENHOUSE CONDITIONS 


Average reaction in field, 1921-22 
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CORRELATION BETWEEN REACTION TO H. SATIVUM AND, 
BOTANICAL CHARACTERS 
Because of the difficulty of determining the exact genetic nature 
of a particular F, family in relation to resistance and susceptibility, 
it seems unwise to make an extended analysis of the possible correla- 
tion between the genetic nature as to resistance and susceptibility and 
the genetic condition for botanical characters. Perhaps some idea of 
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the possibilities may be reached by a consideration of the families 
which appeared to be either resistant or susceptible as determined by 
the F, and F, studies. The facts are presented in Table XX1I. 

Of the susceptible families, 2 were homozygous for black color ; 
one was homozygous for white; 5 were heterozygous for black vs. 
white ; 4 were smooth-awned, 3 of which were heterozygous for degree 
of smoothness of the awn; and one was smooth-awned. Of the black 
homozygous families both segregated for degree of smoothness of awn. 


TABLE XXI 
BotanicaL (CHARACTERS OF THE FAMILIES OF THE Lion-MancHURIA Cross WHICH APPEARED 
ro BE Er1trHerR Homozycous ror ResIsSTtANCE oR SUSCEPTIBILITY To H. sativum 
AS: DETERMINED BY Fg anp Fy TeEsts 


Line Homozygous ; ‘ 

No. for Botanical description 

1 Susceptibility Black, segregating for degree of smoothness of awn. 

177 Susceptibility Black, segregating for degree of smoothness of awn. 

229 Susceptibility Heterozygous for black vs. white, heterozygous for rough © 
vs. smooth awn. 

230 : Susceptibility Heterozygous for black vs. white, homozygous for rough 
awn, 

248 Susceptibility Heterozygous for black vs. white, homozygous for smooth 
awn. 

Bai Susceptibility Homozygous for white, heterozygous for degree of smooth- 
ness of awn. 

259 Susceptibility Heterozygous for black vs. white, heterozygous for rough 
vs. smooth awn. 

271 Susceptibility Heterozygous for black vs white, heterozygous for degrce 
of smoothness of awn. 

193 Resistance Heterozygous for black vs. white, heterozygous for rough 
vs. smooth awn. Both rough- and smooth-awn-d fami- 
lies were obtained in Fy. 

203 Resistance Homozygous fer white color ana‘rough awn. 

204 Resistance Homozygous for white color and rough awn. 

219 Resistance Homozygous for white color, heterozygous for rough ys. 
smooth awn. Homozygous intermediate smooth ana 
homozygous smooth-awned families were obtained in Fy. 

224 Resistance Homozygous for white color, heterozygous for rough vs. 
smooth awn. A smooth-awned family which segregated 
for degree of smoothness of awn was obtained in Fy. 

228 Resistance Heterozygous for black vs. white, heterozygous for degree 


of smoothness of awn. An intermediate smooth-awned 
family was obtained in Fy. 


Of the resistant families, 2 were homozygous for both white color 
and rough awn like the resistant Manchuria parent. Two others were 
homozygous for white color and segregated for rough vs. smooth awn. 
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From these families smooth-awned lines were obtained in F, Two 


other families were heterozygous for black vs. white, one of which 
segregated for rough vs. smooth awn, and the other produced all 
smooth-awned plants, altho there was considerable variation in the 
smoothness of the awn. 

These facts show, as far as they go, that there is a tendency for a 
greater proportion of the resistant families to be of white color and 
rough awn than in the susceptible group. They likewise prove that if 
there is a linkage between resistance and susceptibility and botanical 
characters the linkage is not very close, for out of 124 F, lines all 
possible combinations of resistance and susceptibility with various 
types of characters were obtained. 

The greenhouse reactions of the families 174 ,177, 229, 230, 248, 
253, 259, and 271, which were apparently homozygous for suscepti- 
bility, were as follows: 5.25, 6.00, 7.50, 6.25, 6:25, 6.00, 6.75, and 5.00. 
All were susceptible in the greenhouse test except family 229. The 
greenhouse reactions of the families 193, 203 ,204 ,219, 224, and 228, 
were 5.5, 7.25, 8.5, 8.0, 7.0,,and 7.75. All appear resistant except 
family 193. The greenhouse reactions of Lion were 7, 6, 6, 6, 7, 7, 
and of Manchuria 8, 8, 7.5, 8, 6.5, 7.5, 8. The susceptible hybrids 
were apparently more susceptible under greenhouse conditions than 
Lion. It has been noted previously that Lion is less severely infected 
under greenhouse conditions than many varieties belonging to the 
susceptible group. 

As the data on the hybrid lines were taken without a knowledge of 
the previous year’s results, it seems apparent that a test of infection 
under greenhouse conditions might be of some value as a means of 
isolating resistant families and of discarding susceptible ones. 


SUMMARY 


1. Crosses between Lion, a six-rowed, black, smooth-awned variety, 
which is susceptible to attacks of H. sativum; and Manchuria, a six- 
rowed, white, rough-awned, resistant variety, have been used to deter- 
mine the mode of inheritance of the differential characters, rough vs. 
smooth awn, black vs. white color, and susceptibility vs. resistance. 

2. The rough-awned character proved dominant to smooth awns 
and in F, the ratio of rough- to smooth-awned plants approximated 
3:1. There were different degrees of smoothness of awn, some plants 
producing small teeth on approximately the upper third of the awn 
only, while other smooth-awned plants produced teeth on approxi- 
mately the upper two thirds of the awn. While in this cross the 
rough vs. smooth-awn character appeared to be dependent on a single 
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factor difference, the degree of smoothness. of the awn appeared to be 
dependent upon modifying factors which were apparently brought in 
by the rough-awned parent. 

3. Some lines bred true in F, and in later generations for various 
degrees of smoothness of the awn, which would appear to justify the 
use of the hypothesis of modifying factors instead of the possible 
hypothesis of gene variability. 

4. Black vs. white color was apparently dependent upon a single 
genetic factor which was inherited independently from the main fac- 
ter difference for rough vs. smooth awn. 

5. One hundred and twenty-four F, lines of the Manchuria-Lion 
cross were grown in rows of 25 plants each and sprayed with spore 
suspensions of AH. sativum. Cultures of Lion and Manchuria were 
grown every tenth to twentieth row as checks. On the basis of the 
individual plant data for susceptibility or resistance, all F, lines were 
selected which appeared as resistant as Manchuria or as susceptible 
as Lion and were again tested in F,. By this test 8 lines were ob- 
tained which were as susceptible in both F, and F, as Lion and 6 lines 
which were approximately as resistant as Manchuria. 

6. The correlation coefficient for the degree of infection in F, and 
F, of 36 hybrid lines of Lion Manchuria was .256.105. 

7. The 36 hybrid families were tested for root infection under 
greenhouse conditions in 1922-23. The correlation coefficient for 
average severity of infection under field conditions for F, and F, as 
related to root infection under greenhouse conditions was .426-+.092. 

8. Resistance and susceptibility to attacks of Hl. sativwm are inher- 
ited characters altho apparently dependent on more than a single 
genetic factor. 

g. A greater proportion of the resistant families was of white 
color and rough awn than of the susceptible families ; however, within 
the 124 F, lines grown, all combinations of resistance and susceptibility, 
smooth and rough awn, and black vs. white color were obtained. 
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ROOT-ROTS OF WHEAT 
By A. W. Henry? 


INTRODUCTION 


Root-rots of wheat and other cereal plants have been known for 
several years. Bolley was perhaps the first to emphasize the importance 
of these diseases in this country. He considered that root-rots were 
caused by several imperfect fungi which tend to accumulate in the soil 
as a result of more or less constant cropping to one kind of grain. In 
his estimation, root-rots were chiefly responsible for the unproductive- 
ness of many of the wheat lands of the Northwest, rather than depleted 
soil fertility or toxic substances in the soil. Other workers at. the 
Minnesota Agricultural Experiment Station and elsewhere have since 
corroborated many of Bolley’s ideas. 

As most of the publications on root-rots of wheat deal with them 
only incidentally, it seemed desirable to investigate them in particular, 
combining in this study both a comprehensive survey of possible root- 
rotting fungi and controlled inoculation studies to determine their rela- 
tive pathogenicity. The plan followed has been to isolate fungi from 
as many sources as possible but particularly from such as are intimately 
associated with wheat rots in nature. Extensive inoculations were 
made and the most destructive and less familiar pathogenes were studied 
in greatest detail. While it is possible that micro-organisms other than 
true fungi may cause root-rots of wheat, only the latter were studied by 
the writer. 

The roots of the wheat plant are very important in the economy 
of the plant, as they determine in large measure what the development 
of the above-ground parts shall be. Livingston (45), for instance, 
found that stunted wheat tops were associated with poor root develop- 
ment. Root-rots inhibit root growth, destroy absorbing cells, and by 
attacking the vascular system prevent the transportation of water and 
food materials. They consequently cause poorly developed tops. 

1The writer gratefully acknowledges the helpful advice and criticism of Dr. E. C. Stak- 
man, under whose direction the work was done. He also desires to express his appreciation 


to Dr. Louise Dosdall, Dr. J. G. Leach, and others to whom he is indebted for assistance of 
various kinds. 
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HISTORICAL 


There is a comprehensive literature on foot- and root-rots of small 
grains, but there is comparatively little definite information on root- 
rots of wheat. The occurrence of fungi in association with rotted 
cereal roots is mentioned by several workers, but only rarely are inocula- 
tion experiments reported, or is any proof of the parasitism of the 
fungi given. There are, however, a few exceptions. 

Root-rots of wheat are frequently attributed to species of Fusarium. 
For instance, Bolley (7) claims that Fusarium spp. are important root- 
rotting organisms of wheat and other cereals. Various European 
workers, Ihssen (34), Mortensen (52), and Schaffnit (68), for ex- 
ample, state that Fusarium nivale Ces. causes root-rot, foot-rot, and 
seedling blight of cereals. Stakman (75) found F. culmorum 
(W.G.Sm.) Sacc. very destructive to the roots of durum wheat seed- 
lings in agar cultures. Atanasoff (1) considers that Guzbberella 
saubinetit (Mont.) Sacc. (Fusarium graminearum Schwabe) is one of 
the chief causes of root-rot of cereals in the United States. However, 
he states that according to his observations, Fusarium herbarum 
(Corda) Fries, F. avenaceum (Fr.) Sacc., F. culmorum (W.G. Sm.) 
Sace., and F. culmorum (W.G. Sm.) Sacc. var. letetus Sherb., are as 
important as Gibberella saubineti. Fusarium arcuosporum Sherb., 
F. scirpt Lamb. and Fattr., F. solani (Mart. pr.p.) Ap. and Wr., FP 
arthrosporioides Sherb., and Ff. redolens. Wr. and also mentioned as being 
not unimportant in the root-rot problem. In a more recent paper (2), 
however, he mentions only G. saubinetu, F. avenaceum, and F. herbarum 
as causing root-rots of wheat but says that F. culmorum attacks the 
young seedlings in the same way as does G. saubinetu. He reports the 
occurrence, altho rarely, of Calonectria granunicola (Berk. and Brm.) 
Wr. (F. nivale) in the United States. An extensive bibliography of 
the literature on the Fusaria of cereals is given. 

For several years Bolley (7, 8) has reported that species of 
Helminthosporium are destructive pathogenes of wheat roots in North 
Dakota. Johnson (38) used Helminthosporium gramineum Rabh. 
(more probably H. sativum P.K. and B.) in inoculation experiments. 
The roots of wheat plants from inoculated seed were discolored near the 
root crown and were also much shorter and less vigorous than those 
of check plants. Drechsler (20) cites papers by Bassi and Palm which 
report the occurrence of Helminthosporium gramineum Rabh. on wheat 
in Italy and Java, respectively. According to Bassi a decortication of 
wheat roots is caused by this fungus. Drechsler, however, points out 
the similarity of the symptoms produced to those caused by H. sativum 
and infers that the latter fungus was probably mistaken for H. grami- 
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neum by both workers. Stakman (75), in 1920, reported that the roots 
of wheat plants in Minnesota were frequently infected with a species of 
Helminthosporium similar to or identical with H. sativum P.K. and B. 
Such roots were partially or entirely brown and often developed loose 
cortices. Similar symptoms were produced by artificial inoculations. 
The writer isolated a Helminthosporium (tentatively determined as 
FH. sativum) from wheat, rye, and barley, in Western Canada.? Arti- 
ficially inoculated seeds of wheat, rye, and barley developed badly dis- 
eased seedlings in test-tube cultures, both roots and tops being affected. 
Oats were only slightly injured. In pot cultures similar results were 
obtained, but the disease in these tests was most noticeable as a foot-rot 
and a leaf-spot of the seedling leaves. Helminthosporium root-rots 
were reported from New York by Kirby (83) and from Idaho by 
Hungerford (83), in 1921, and by Raeder (62) in 1922. Hamblin (28) 
described abnormal roots as one of the symptoms of a disease of wheat 
caused by Helminthosporium in Australia. He considered this disease 
more serious than the true take-all. Christensen (13) was able to 
infect 98 species of grasses with H. sativum. Wheat, barley, and rye 
were the most susceptible cereals, while oats was either immune or 
highly resistant. All parts of a susceptible host, including the roots, 
were attacked. Both primary and secondary roots were severely rotted. 
Kanred wheat* C.I. 5146, was quite resistant to root infection. 

Dosdall (19) studied the factors influencing the pathogenicity of 
H. sativum, giving particular attention to root- and foot-rots. She 
found that wheat and barley roots developed rather limited local lesions 
which killed the root tips or cut off portions or even whole roots when 
the lesions occurred back of the tips. In general, she found that the 
disease caused greatest injury when conditions for host development 
were unfavorable. Stevens (78, 79, 81) studied the relation of a 
species of Helminthosporium (of the H. sativum group) to a foot-rot 
of wheat in Illinois. He (79, 81) showed by artificial inoculations that 
it was a root parasite also, but investigated this phase of the disease 
only incidentally. Weniger (86) found a fungus similar to H. sativum 
causing lesions in the cortex of both the roots and the shoots of young 
seedlings, from black-pointed wheat seeds. 

Numerous investigators have reported a discoloration and rotting 
of the roots as one of the symptoms of the true. take-all disease of 
wheat. Stevens (77), in an extensive historical and bibliographic 
sketch on foot-rot of wheat, cites numerous papers in which mention 
is made of the blackening and death of wheat roots attacked by 
Ophiobolus ; for instance, those of Frank (1894-95), Mangin (1898-99, 


2 Unpublished thesis, University of Saskatchewan, May, 1920. 
8 C,I.=Cereal investigations accession number of the Bureau of Plant Industry, U. S. 
Dept. of Agr. 
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1914), McAlpine (1902), Richardson (1910), Eriksson (1912), and 
Spafford (1917). Leptosphaeria also is said to cause a similar brown 
or black discoloration of the roots (Mangin, 1914). More recently 
Kirby (41) described the symptoms of the disease as they occur in this 
country. He pointed out that Ophiobolus cariceti (B. and Br.) Sacc., is 
confined to the roots and lower internodes of the host, where a pro- 
nounced discoloration occurs. Rosen and Elliot (63) believe that 
O. cariceti attacks only weakened plants. 

In 1919 Selby and Manns (73) reported a new anthracnose disease 
of cereals in Ohio, caused by Collectotrichum cereale Manns. This 
fungus was said to be parasitic.on the roots, culms, blades, and spikes 
of rye, and on the roots, culms, and blades of wheat, oats, barley, and 
several grasses. The pathogene, however, attacked wheat roots less 
severely than those of rye. Bolley (7, 8) has frequently reported 
Colletotrichum as one of the genera responsible for soil sickness and 
root-rots of cereals in North Dakota. Stakman (76) showed that 
Colletotrichum phomoides (Sacc.) Ches., isolated from a diseased 
tomato, was somewhat parasitic on the roots of wheat and oats, but 
she did not consider that it would be destructive in the field. 

Bolley (7, 8) stated that Alternaria often caused decortication of 
wheat roots. Macrosporium was reported several times on wheat roots 
but later work indicated that this was mostly Alternaria. Johnson (38) 
inoculated wheat seeds with Alternaria but no root infection resulted. 
Stakman (76), however, isolated parasitic strains of Alternaria from 
cereal seeds and from the soil. These strains readily infected wheat 
roots both in agar cultures and in sterile sand. Stevens (81) inoculated 
wheat seedlings in rag-doll germinators with an Alternaria obtained 
from wheat seeds. He observed that the hyphae penetrated the cells of 
the root cortex and caused a slight browning, 

Rhizoctonia has been found several times on cereal roots. Peltier 
(59) found it on corn roots in the field in Illinois, and lists its occur- 
rence on corn in two other states and on side oats from Idaho (reported 
by Temple). He also cites a paper by Reuter, who studied a root-rot 
of rye caused by Rhizoctonia in Finland. Bessey (82) reported a 
Rhizoctonia root-rot of wheat in Michigan, occurring especially in 
heavy soils. Piper and Coe (61) list a large number of susceptible 
lawn grasses. Stevens (81) found Rhizoctonia on the roots and stems 
of wheat in Illinois. Stakman (76) isolated Rhizoctonia from the 
underground parts of rye, wheat, and oat plants in the field in Minne- 
sota. A few artificially inoculated durum wheat roots became infected, 
but the tissues were apparently not disorganized. 

In addition to the fungi previously mentioned, Stakman. (76) showed 
that the following are parasitic on the roots of durum wheat : Botrytis sp. 
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from rye, Ghocladium sp., and Tilachlidium sp. Sclerotium rolfsti Sacc. 
also was capable of attacking the base of the culms of durum wheat 
seedlings and of spreading into the roots after the tissues had become 
weakened. The latter fungus has also been reported by Godfrey (26) 
as the cause of small brown lesions on wheat crowns. The following 
fungi were also used by Stakman in inoculation experiments on durum 
wheat seedlings, but they were not parasitic on the roots: Acrostalagmus 
albus Preu., Aspergillus mger Van Tiegh., Botrytis cinerea Pers., 
Botrytis fascicularis (Cda.) Sace., Cephalothecium roseum Cda., 
Cladosporium cucumerinum FE. and A., Cladosporium fulvum Cke., 
Monascus purpureus Went., Penicillium chrysogenum Thom., Rhizopus 
nigricans Ehr., Sclerotinia libertiana Fel., Sphaeronema fimbriatum 
(E. and H.) Sacc., Vermicularia circinans Berk., V erticillium candela- 
brum Bonord., and Sporotrichum poae Pk. 

Chen (12) found a sterile fungus with a septate mycelium which 
attacked the roots of wheat seedlings in test-tube cultures. 

It is interesting to note that species belonging to at least twelve 
genera of fungi have been reported in the literature as parasitic on 
wheat roots. 


LOOM sSVolEM OF THE HOST 


The development and morphology of the wheat root system is de- 
scribed in detail by Percival (60). The following is based largely on 
his description. Two distinct set of roots are produced, the seminal 
and the adventitious. The former arise from the hypocotyl and begin 
to develop when the grain germinates. Eight seminal roots in all may 
be formed. They are slender, uniform in diameter, develop a number 
of fine lateral branches, and bear a very abundant covering of root hairs 
for some distance back of the root tips. These die off and new ones 
are formed near the growing point as the roots elongate. The seminal 
roots are apparently of most importance during the seedling stage of 
the plant, supplying it with water, but seem to remain functional 
throughout its life. 

A considerable interval, often several weeks, may intervene between 
germination and the development of the adventitious or permanent 
roots. These are essentially fibrous. They arise in pairs from the 
basal nodes of the primary axis, usually just below the surface of the 
soil regardless of the depth at which the seed is planted. Succeeding 
shoots develop their own systems of permanent roots in a somewhat 
similar manner. The permanent roots are larger in diameter, longer, 
branch more profusely, and are more numerous than the seminal roots. 
They are usually most abundant in the upper foot of the soil but some 
extend four or five feet into the soil and to even greater depths. 
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METHODS AND MATERIALS USED IN THE ISOLATION 
OF FUNGI 


The isolation of fungi was begun in January, 1921, and continued 
for approximately a year and a half. Cultures were secured from the 
seed, roots, and culm bases of wheat, from the corresponding parts of 
other cereals commonly grown in rotation with wheat, from the soil, 
and a few from other sources. 

Between 500 and rooo cultures were isolated. This number, how- 
ever, was reduced to about three hundred by discarding duplications 
and retaining only those which were different or which came from 
different sources. 


ISOLATIONS FROM SEED, ROOTS, AND OTHER PLANT PARTS 


Wheat seed was obtained from eighteen states of the United States, 
from three provinces of Canada (Manitoba, Saskatchewan, and 
Alberta), from Mexico, and from the Argentine. Most of it was com- 
mercial grain grown in 1920, and much of it was obtained through the 
courtesy of the Washburn-Crosby Milling Company, of Minneapolis. 
Professors G. H. Cutler and W. P. Fraser each kindly sent samples 
from Alberta and Saskatchewan, respectively. 

The seeds were surface sterilized at first by immersing them for ten 
minutes in a I to 1000 corrosive sublimate solution, followed by a thoro 
washing in sterile distilled water. This was a very time-consuming 
operation when a large number of samples had to be handled. A 
quicker method was therefore adopted which consisted of dipping the 
seeds in 70% ethyl alcohol, then immersing them in corrosive sublimate 
solution, I to 1000, for from 3 to 5 minutes, then dipping them again 
in 70% alcohol and plating the seeds directly on potato dextrose agar 
in petri dishes. This method was also used for other plant parts, and 
is the same as that used by Christensen (13) except for the strength 
of alcohol. Roots and underground parts were then frequently plated 


on acidified agar to prevent the growth of bacteria. The fungi were™ 


allowed to develop at room temperature for a few days and then trans- 
fers were made from the borders of colonies to slants of potato dextrose 
agar in test tubes. 

ISOLATIONS FROM THE SOIL 


Numerous isolations of fungi were made from “sick soils,” particu- 
_ larly from the three following: (1) A soil from the plant pathology 
field plots, University Farm, St. Paul. This soil had been used for 
several years as a disease garden in the study of imperfect fungi on 
cereals. (2) Soil from a continuous-wheat plot from the rotation plots 
of the agronomy department, University Farm. Wheat had been 
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grown on this plot every year since 1893, except 1915 and 1916, when 
it was in corn in order to control wild oats. (3) A continuous-wheat 
plot soil from the Dominion Experimental Farm at Brandon, Manitoba.* 
This plot was first sown to wheat in 1911 and had grown eleven suc- 
cessive crops of wheat when the samples were taken. The first samples 
from these plots were taken during the last week of September and the 
first week of October, 1921. Additional samples were obtained from 
the St. Paul plots at intervals during the following summer. 

In order to be reasonably sure that the fungi isolated were largely 
from the soil and not surface contaminations from the air, precautions 
similar to those used by Jensen (35) were observed in taking samples 
in the field. 

In the collection of samples at St. Paul, small quantities of soil were 
taken from several locations on each plot, and these were later mixed 
together before isolations were made. This was done in order to secure 
a more representative sample of the soil of each plot. 

Fungi were isolated directly from the soil by two methods: (a) A 
dilution method in which approximately one gram of soil was trans- 
ferred to a flask containing 100 cc. of sterile distilled water. This was 
thoroly shaken and a platinum loopful of this extract, or of further 
dilutions, transferred to each of several test-tubes of acidified melted 
agar and immediately poured into petri dishes; (b) by directly trans- 
ferring small lumps of soil by means of a sterilized platinum loop to 
the surface of agar in petri dishes. Several media were used, including 
unacidified potato dextrose agar, acidified potato dextrose agar, soil 
agar, Jensen’s III (35), and an acid-raisin agar recommended by 
Waksman (85). Acid agars were used in order to keep down bacteria. 
The fungous colonies, however, frequently outgrew the bacteria on 
unacidified agar. The plates were incubated at room temperature and 
at four other temperatures ranging from 7 to 33° C., in order to permit 
the growth of fungi with different temperature optima. 

Soil fungi were isolated indirectly by sowing sterile seedlings on 
sick soil.? This soil was brought from the field in new bags and placed 
in sterilized pots in the laboratory. The sterile seedlings were then 
planted and after about three weeks’ growth their roots were washed 
free of soil and examined for disease. Portions of roots showing 
lesions were then surface sterilized and plated on agar, and fungi were 
isolated from them. Even with these precautions, it is possible that 
all the fungi developing on the roots were not from the soil. However, 
the purpose was to secure fungi pathogenic on the roots rather than 
to investigate the fungous flora of the soil. 


* Furnished through the courtesy of W. C. McKillican and S. Jf. Sigfusson, superintendent 
and assistant superintendent, respectively, of the Dominion Experimental Farm, at Brandon, 
5 Method of obtaining sterile seedlings is given on page 10. 
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PURIFICATION OF THE CULTURES 


Before inoculation experiments were attempted most of the cultures 
were purified by subculturing. Obviously this was not possible with 
several which failed to sporulate. Certain cultures were originally 
started from single spores. Monosporous cultures were also made 
from others which proved pathogenic and which were desired for more 
careful study. 


METHOD OF SECURING DISEASE-FREE SEEDLINGS 


Disease-free seedlings were necessary for the isolation of fungi in- 
directly from the soil, as previously stated. They were also required 
for inoculation studies, and a better method of seed sterilization than 
that used in the isolation of fungi was needed for pathogenicity tests in 
the greenhouse. Following the suggestion of Selby and Manns (73), 
Braun (11), and Norton and Chen (56), it was found that presoaking 
the seed increased the germicidal efficiency of the disinfectant (Table I). 
It was also found that in order to obtain uninjured seedlings it was 
advisable to wash the seeds finally in sterile water, rather than to plate 
them directly from alcohol. The following method of seed steriliza- 
tion was therefore used for a time: Presoak in water from six to twelve 
hours; dip in 70 per cent ethyl alcohol; immerse for from two to five 
minutes in a I to‘1o00o corrosive sublimate solution,. wash in sterile 
distilled water. The effects of this treatment are not shown in Table I, 
but they were similar to those shown by No. 4 in this table, except that 
the seeds were not injured by a final dip in alcohol. It was later found 
that a silver nitrate treatment essentially similar to that used by Dosdall 
(19) and based on Schroder’s (72) treatment, was more effective, 
and this method was used subsequently. (See No. 6, Table I.) After 
sterilization, the treated seeds were plated on potato dextrose agar in 
petri dishes and allowed to germinate at room temperature, or were 
thoroly dried for future sowing in the greenhouse. When the plumules 
of the seedlings were approximately 1 cm. long, those showing no evi- 
dence of fungous growth around them were selected as sterile seedlings. 
While occasionally some of these seedlings did later show evidence of 
contamination when grown under sterile conditions, this was the excep- 
tion, especially when bright, plump seeds were selected. 


ROOT-ROTS OF WHEAT II 


TABLE I 


EFFECT OF PRELIMINARY SEED TREATMENT TEsTs oN MaArguis WHEAT 


- No. of Per cent ebencent = Effect on 
No. Treatment seeds treated germination yielding fungi seedlings 


1. Dipped, in 70% alcohol; 
immersed from 2 to 5 
minutes in corrosive sub- 
limate solution 1-1000; 
dipped in 70% alcohol 32 97 8x Injured 


2. Dipped in 70% alcohol; 
immersed from 2 to 5 
minutes in corrosive sub- 
limate solution 1-1000; 
washed in sterile water 00 100 77 Not injured 


3. Presoaked 12 _ hours; 
immersed 5 minutes in 
alcoholic corrosive sub- 
limate. solution (2 gms. 
per 1000 cc, 70% alco- 
hol); washed once in 
70% alcohol; washed 
thrice in sterile water 125 ° 41 Seed killed 


4. Presoaked 12 hours; 
dipped in 70% alcohol; 
immersed from 2 to 5 
minutes in corrosive sub- 
limate solution 1-1000; 
dipped in 70% alcohol 80 86 46 Injured 


5. Immersed 12 hours in 
N/too_ silver nitrate 
solution; washed in 
sterile sodium chloride 
solution; dipped in 

- 70% alcohol 46 85 0 Injured 


6. Immersed 7 hours in 
N/too_ silver nitrate 
solution; washed in 
sterile sodium chloride 
solution; washed in 
sterile water 188 98 23 - Not injured 


EXPERIMENTAL RESULTS 


FUNGI CARRIED BY THE SEED 
FUNGI CARRIED BY WHEAT SEEDS IN GENERAL 


It would be expected that there would be many fungous spores on 
the surface of wheat seeds. ~Bolley (7) found spores of fifteen differ- 
ent genera of fungi in the washings of wheat seed coats in North Dakota, 
while the following were obtained from seeds treated for one minute 
with a dilute formalin solution: Alternaria, Colletotrichum, Macro- 
Sportum, Fusarium, Cephalothecium, Helminthosporium, and Penicil- 
lium. He concluded from these results that practically all of the fungi 
which he and his collaborators had shown to be destructive to the roots 
of wheat, reached the seed before it was mature. 
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Hoffer (32) tested the surface sterilized seed of 34 varieties of 
wheat in Indiana and found 14 free from fungi of any kind, 13 infected 
with Fusarium, 4 with an internal Macrosporium, while a F usarium and 
a Macrosporium were isolated from 3. .An alcoholic solution of corro- 
sive sublimate was used as a disinfectant. 

Wollenweber (89) obtained the following genera from seeds cul- 
tured in Germany: Verticillivum, Spicaria, Alternaria, Trichothecium, 
Langloisula, Ramularia, Melanospora, Leptosphaeria, Helminthospor- 
ium, Gibberella, and Fusarium (three species). The mycelium of some 
was superficial while that of others was internal. 

Sherbakoff (71) cultured several samples of wheat seed and con- 
cluded that the most common Fusarium of wheat in Tennessee, as in 
other states, was F. graminearum Schwabe (Gibberella saubinetii) while 
Fusarium moniliforme Sheldon was not common on wheat seed. 

Christensen (13) found Helminthosporium sativum P. K. and B. 
prevalent on wheat seeds obtained from widely separated localities. 

Stakman (76) found Alternaria, Tilachlidium, and Fusarium on or 
in wheat seeds, the former being particularly persistent. She (74) also 
frequently isolated Helminthosporium. 

The writer found great variation in the fungi on different seed lots. 
Poor seed, especially samples showing evidence of weathering, imma- 
turity, sprouting, or other defects, was particularly heavily infected ; 
whereas bright, plump, well-matured samples seemed comparatively 
free from infection. All seeds tested .were superficially sterilized as 
previously described. In general, Alternaria was most commonly iso- 
lated from wheat grains and apparently is almost universally distributed. 
Fusarium graminearum Schwabe (Gibberella saubinetii (Mont.) Sace.), 
however, was obtained almost invariably from scabby kernels. Other 
species of Fusarium were frequently isolated, but less commonly than 
the one named. Fusarium moniliforme Sheldon was isolated from seed 
from widely separated localities, but it was not found commonly. 
Helminthosporium sativum P. K. and B. was usually the most prevalent 
fungus in black-pointed kernels. It was also frequently isolated from 
kernels showing no discolorations and is undoubtedly the most common 
species of Helminthosporium on wheat seeds. Another Helmintho- 
Sportum, with narrower spores than those of H. sativum, which we 
shall designate as Helminthosporium N, was found several times in cul- 
tures of black-pointed seeds. Several small-spored Helminthosporia, 
which we shall consider collectively as Helminthosporium M, were 
obtained in similar cultures. These forms are apparently wide-spread 
but not particularly prevalent. Stemphylium, Cladosporium, Torula, 
Chaetomium, Penicillium, Aspergillus, Epicoccum, Cephalosporium, 
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Acrostalagmus, Cephalothecium, and Trichoderma, as well as several 
unidentified non-sporulating forms possibly belonging to the Mycelia 
Sterilia, were also isolated from the seed. 


FUNGI FOUND IN BLACK-POINTED WHEAT SEEDS 


One of the most characteristic discolorations of the seed is “black- 
point,’ so named by Bolley because of the conspicuous dark brown or 
creosote-colored embryos of affected grains. On account of the preva- 
lence of such kernels in apparently good samples of seed wheat, it was 
considered that these might be important as carriers of root-rotting 
fungi. Hence an attempt was made to determine the causal organisms 
and their ability to cause root-rot. 

Various investigators have reported the widespread occurrence of 
black-point and have endeavored to determine its cause. Bolley (7), 
in Ig1t and in 1913 (8), reported the isolation of Alternaria, Helmin- 
thosporium, and Fusarium from black-pointed wheat kernels... He 
pointed out that Alternaria was most commonly associated with black- 
pointed grains, but stated further that these symptoms might be caused 
by several fungi. No inoculation experiments were reported, however. 

Gussow (27), in 1911, received samples of wheat containing kernels 
affected with black-point from widely separated regions of Canada 
(Ontario and Saskatchewan). Germination of these grains did not 
appear to be impaired, but the seedlings from them were less vigorous 
than those from normal seeds. 

Coons (16) considered that black-point was a disease, or a series 
of diseases, of little economic importance, which had been present in 
Michigan for many years. Affected grains germinated well and no 
distinct lesions formed on the seedlings. He found the diseased tissue 
swarming with bacteria, which, according to Dr. E. F. Smith, resembled 
Bacterium viridi-lividosum. 

Lucia McCulloch (54), in 1920, described a blackening of the 
embryo ends of wheat kernels from spikelets affected with basal glume 
rot of wheat. She proved that the disease was caused by a new species 
of bacterium, Bacterium atrofaciens McCulloch. 

Stakman (75) reported dark brown blotches on wheat seeds at- 
tacked by Helminthosporium, but did not mention any particular local- 
ization of the discoloration at the germ ends. / 

The writer (31) inoculated immature wheat heads in various stages 
of development in the greenhouse at Saskatoon, Sask., with three 
strains of Helminthosporium (tentatively determined as H. sativum) 
from wheat, barley, and rye. Typical black-point developed on 
numerous kernels in the inoculated heads. Some kernels, especially 
those from heads inoculated in the early stages of development, showed 
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brown lesions extending over other parts of the seed as well as the 
embryo, but usually the discolorations were most pronounced at the germ 
end. The typical fungus was later recovered from the diseased kernels. 

Nevada S. Evans (24) isolated a Helminthosporium similar to H. 
sativum, in most instances from black-pointed durum wheat kernels. 
Artificial inoculations were made in the field on the durum wheat 
varieties Acme and Pentad, in the flowering stage. Many black-pointed 
kernels developed in the ineculated heads in contrast to a low per- 
centage in the controls. 

Christensen (13) noted that the germ ends of wheat seeds were 
most conspicuously discolored by H. sativum. 

Weniger (86) stated that black-pointed kernels of durum wheat 
in North Dakota, tho sometimes shriveled, were usually normal in 
weight but frequently germinated poorly and produced blighted 
seedlings. 

Drechsler (20) reported low viability of wheat seeds discolored 
by H. sativum. He also noted that a lighter brownish discoloration 
of the seeds was associated with Alternaria and other fungi. 

The writer found black-pointed kernels frequently in samples of 
common wheat from different parts of the United States and Canada 
and in two samples from the Argentine. A sample of Red Bobs wheat 
from Western Canada contained 34 per cent of these kernels. A 
lot of Marquis wheat grown at St. Paul in 1920, and containing 13.4 
per cent black-pointed kernels, was used in the following cultural 
studies. 

Two hundred normal seeds and two hundred black-pointed seeds 
were selected from this sample, presoaked for seven hours, surface 
sterilized in corrosive sublimate solution, 1 to 1000, washed in sterile 
distilled water, and plated on potato dextrose agar in petri dishes. 
The cultures were incubated at room temperature until the colonies 
of fungi growing out from the seeds were sporulating abundantly. 
They were then examined, and counts were made of the different 
fungi which had developed. The results of this test are recorded in 
Table II. 

When the seeds germinated, some were raised off the agar by the 
growth of the young seedlings before any fungi grew out from them. 
The percentage of total seeds yielding fungi is therefore, no doubt, 
lower that it would have been had this not occurred. It is quite evident 
that H. sativum was the most common fungus associated with black- 
point in this sample and that it was much more common on diseased 
kernels than on normal kernels. It is also significant that two other 
apparently distinct species of Helminthosporium were obtained from 
the black-pointed kernels and not from normal ones. 
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TABLE II 


CoMPARISON OF THE FuNGcous ContTENT oF Biack-PorntED AND NormMat Marguis WHEAT 
SEEDS FROM THE SAME SAMPLE 


Black-pointed seeds Normal seeds 
; b No. Per cent Per cent No. Per cent Per cent 
Fungi developing seeds of total of seeds seeds of total of seeds 
plated seeds yielding plated seeds yielding 
on agar plated fungi on agar plated fungi 
Helminthosporium 
sativum 97 48.5 73-5 4 2.0 agra 
Helminthosporium N 5 2.5 3.8 Co) 0.0 0.0 
Helminthosporium M 5 2.5 3.8 to) 0.0 0.0 
Alternaria 14 7.0 10.6 5 255 41.7 
Other fungi II 5.5 8.3 3 nas 25.0 
None 68 34.0 BO 188 94.0 


A comparison also was made of the relative value for seed purposes 
of black-pointed kernels and normal kernels from the same sample of 
Marquis wheat. ‘These tests were made both in the field and in the 
greenhouse. In the greenhouse, plantings were made on December 31, 
1921, on both steam-sterilized and unsterilized soil, and notes were 
taken one month later (see Table II1). 


TABLE III 


CoMPARISON OF GERMINATION AND SEEDLING DEVELOPMENT oF BLACK-POINTED ann NORMAL 
Marguis Wueat KerneLs IN THE GREENHOUSE 


Oo. Per cent 
: No. of of seeds of seeds Mean height 
Soil treatment Kind of seed seeds which which of plants, cm. 
planted germinated germinated 
Sterilized soil Normal Too 100 100 21.47 +.10 
Black-pointed 100 89 89 19.54+.30 
Unsterilized soil Normal 400 356 89 21.23.14 
Black-pointed 400 336 84 Pnsty ay, 


It should be noted that only plump black-pointed kernels were 
used in these experiments, so that any differences can be attributed 
more directly to the effect of the organisms carried by such seeds 
than if shriveled kernels were compared with normal ones. It is 
evident that the viability of.the seed is reduced somewhat by the dis- 
ease, and on the sterilized soil there was a significant difference in 
growth, as measured by mean height of tops, but there was no sig- 
nificant difference on unsterilized soil. No particular difference was 
noted in the amount of root- and foot-rots on the plants in the dif- 
ferent series, so it would seem that conditions were not particularly 
favorable for the development of the fungi in this experiment. 

The sample of Marquis wheat used in the field tests germinated 
rather poorly. Sixty-seven per cent of the apparently normal kernels 
germinated, while only 50 per cent of the black-pointed ones were 
viable. Rod rows of one hundred seeds each were planted at two 
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different dates and the plants ailowed to develop to maturity. Only 
30 per cent of the black-pointed seeds germinated in the first planting 
as compared with 61 per cent of the normal seeds. Consequently the 
differences in yield were large. Much less marked differences, however, 
occurred in the second planting, so it would appear that environmental 
conditions play an important part in determining the degree of damage 
resulting from the use of black-pointed kernels for seed. (See Table 
Le) 


TABLE IV 
Errect or Brack-Point ON GERMINATION AND YIELD oF Marguis WHEAT IN THE FIELD 
No. of Total weight Votal 
Date sown Kind of seed seeds Per cent of mature weight of 
planted germination plants, gms. grain, gms. 
May 20 Normal 100 61 363.0 64.5 
Black-pointed 100 30 142.0 25.5 
May 25 Normal 100 60 148.0 18.0 
Black-pointed 100 oe 146.5 iy As 


In order to ascertain whether fungi other than H. sativum, which 
were found associated with black-pointed kernels, might not also be 
responsible for embryo discolorations, inoculations were made on im- 
mature wheat heads in the greenhouse and in the field, with several 
fungi isolated from wheat seeds. As it seemed probable that Fusaria 
and other light-colored species were less likely to cause creosote dis- 
colorations, only dematiaceous forms were chosen for these studies. 

The cultures used sporulated well on potato dextrose agar and were 
grown on this medium to obtain inoculum. Wheat heads were inocu- 
lated by transferring spores and mycelium from the surface of agar 
slants to the outer surface of the wheat spikelets. Heads were selected 
in which the grain was mostly in the milk stage, altho heads in flower 
and those with only partly formed grain were also inoculated. They 
were atomized with tap water before and after inoculation. Only the 
well-developed central spikelets of the heads were inoculated, and counts 
were made later of only the two outer grains in each spikelet, that is, 
the largest and best developed seeds. Controls were treated in a similar 
manner except that no inoculum was applied to them. In the green- 
house experiments, the inoculated plants and controls were placed in 
moist incubation chambers for forty-eight hours after inoculation and 
were then placed on greenhouse benches. In the field, the inoculations 
were made an hour or two before sundown, and the heads were then 
covered with glassine bags for forty-eight hours. 

Table V summarizes the results of greenhouse inoculations made on 
May 28 and August 25, 1922, and field inoculations made on July 8. 
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TABLE V 


Revative Asivity or DirreRenr Funoer IsoLatep rroM WHeEat SEEDS To Cause BLacK-PoINT OF 
Marguis WHEAT 


Per cent of 
No. of inoculated inoculated seeds 
J Source of seed from. No.of inoculated seeds which devel- which developed 
Fungi which fungi were seeds examined oped black-point black-point 
obtained - = 
: Greenhouse Field Greenhouse Field Greenhouse Field 
Helminthosporium Buffalo, Okla. 43 39 23 8 5G<5 20.5 
sativum 
Helminthosporium N St. Paul, Minn. 26 59 II 8 42.3 13.6 
Helminthosporium M St. Paul, Minn. 67 56 16 5 23.9 8.9 
Stemphylium Eureka, Calif. 43 75 10 7 23.3 9.3 
parasiticum 
Stemphylium sp. Unknown 22 28 to) ° fo) o 
Torula sp. Indian Head, Sask. 15 65 ) I oO ee 
Alternaria sp. Boerne, Texas 46 83 to) I to) 1.2 
Cladosporium sp. Beaver Lodge, Alta. 15 26 I ° (0) ° 
Control 59 78 o 3 o ) 


As indicated in Table V, four cultures, representing at least two 
genera and four species, caused black-point both in the greenhouse and 
in the field. The pathogenicity of each was proved by following out 
the rules of proof. All three cultures of Helminthosporium attacked 
the glumes as well as the seed. Helminthosporiwm N and Helmintho- 
sporium M each produced a brown discoloration of the glumes very 
similar to that caused by H. sativum and both were recovered there- 
from. Each also caused floret sterility when heads in the flowering 
stage were inoculated. Their relative virulence as root-rotting organ- 
isms will be discussed later. While these results again indicate that 
H sativum probably is the principal cause of black-point, they also show 
that other species (31) can cause it (Plate HI, Fig. 1). Stemphylium 
parasiticum (Thiim.) Elliot is probably unimportant, as it was isolated 
only once by the writer. The positive results with Torula and Alter- 
naria in the field were inconclusive, as only one black-pointed kernel 
developed in either case, and neither fungus was recovered. The fact 
that greenhouse inoculations were unsuccessful also indicates that these 
cultures are nonpathogenic. Two other strains of Alternaria were also 
tried but with the same results. Stemphylium parasiticum was isolated 
from the one black-pointed kernel which developed in a head inoculated 
with Cladosporium, so there evidently had been accidental contamination 
with that fungus. ; 

The fact that a lower percentage of successful infections was ob- 
tained in the field than in the greenhouse can well be attributed to the 
dry weather and consequent unfavorable conditions for infection. 
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SOIL FUNGI 


Waksman (85) gives a good historical review and an extensive 
bibliography of the work on soil fungi previous to 1916. In an examina- 
tion of eight different soils, more than 100 distinct species of fungi 
belonging to 31 genera, were isolated. - The genera most commonly 
found were Penicillium, Mucor, Aspergillus, Trichoderma, Clado- 
sporium, Fusarium, Cephalosporium, Rhizopus, Zygorhynchus, Acro- 
stalagmus, Alternaria, and Verticillium. It is pointed out that Koning 
found 7 of these 12 genera; Dale, 10; Jensen, 9; Goddard, 9; and 
McLean and Wilson, 8, indicating their general distribution in the soil. 
Mucor, Penicillium, Aspergillus, and Trichoderma were found by all 
six investigators (including Waksman), showing that these are prob- 
ably common in most soils. It is stated that more than 50 genera of 
fungi have been found in the soil and that the largest numbers occur 
within the upper four inches. 

Beckwith’s (3) work is of particular interest here, as he investigated 
the fungous flora of wheat-sick soils. The following genera were 
found in the soil of a plot on the North Dakota Agricultural Experi- 
ment Station farm, which had been cropped to wheat continuously for 
forty years: Colletotrichum (two species), Macrosporium, Alternaria, 
Spicaria, Verticillium, Rhaphalomyces, Cephalothecium, and Helmin- 
thosporium. Five of these, namely, Fusarium, Colletotrichum, Macro- 
Sporium, Alternaria, and Helminthosporium, are said to be pathogenic 
to wheat. These fungi were seldom found in virgin soil. It is con- 
sidered, therefore, that this is additional evidence that part of the 
deterioration in wheat yields of the Northwest may be due to soil fungi. 

Bolley (7) presents the results of another series of cultures made by 
Beckwith from the soil of some wheat fertilizer plots at the North 
Dakota Experiment Station.» These were made at intervals from 
February to July, ro11. In February Alternaria, Colletotrichum, 
Fusarium, and Verticilliwm were isolated, while in June only the first 
three were obtained. It is interesting to note that Helminthosporium 
was not obtained from these soils. 

In the isolations made by the writer, Helminthosporium was never 
obtained directly from the soil. It was isolated, however, from the 
roots of sterile seedlings sown on sick soil. Several species of Fusarium 
were found rather frequently in the soil, but only a few were identified. 
Fusarium moniliforme Sheldon was obtained directly from the soil of 
a continuous wheat plot at University Farm, St. Paul, and also from a 
soil secured from Brandon, Manitoba. It also was isolated from the 
roots of sterile wheat seedlings planted on sick soil. Fusarium’ 'betae . 
(Desm.) Sace. (identification by Dr. Sherbakoff) was also obtained 
from the Brandon soil. A Fusarium species, placed by Dr. Sherbakofé 
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in the section Elegans but not determined specifically, was isolated from 
the roots of sterile seedlings grown on a continuous wheat plot at 
St. Paul. Green species of Trichoderma occurred quite commonly in 
cultures from the soil, and a species of Phoma was obtained several 
times from soil at University Farm. Colletotrichum was not isolated 
from any of the soils used, altho from Beckwith’s results it was ex- 
pected. Species of Penicillium, Aspergillus, and Mucor were rather 
common. Species of Rhizopus, Alternaria, Cladosporium, Chaetomium, 
Cephalosporium, Stilbella, Acrostalagmus, several non-sporulating 
forms, some which produced only chlamydospores, and several which 
were not identified, also were found. As the principal object was to 
find pathogenic forms, time did not allow a careful study of many inter- 
esting non-pathogenic species. 


FUNGI FROM MISCELLANEOUS SOURCES 


Several fungi were isolated from root and foot lesions of wheat 
and other cereals, and some were obtained from other sources. Many 
of the same species and genera obtained from the seed and from the 
soil are also represented here. A few different ones, however, were 
secured. Colletotrichum graminicolum (Ces.) Wilson was isolated 
from the foot of a mature wheat plant. Pleospora sp., probably 
P, trichostoma (Fr.) Wint., which proved to be the perfect stage of an 
Alternaria, was isolated from old wheat straw. Helminthosporium 
gramuneum (Rab.) Erik. was obtained from a single spore from a - 
typical stripe lesion on a barley leaf, while a culture of Helmintho- 
Sporium teres Sacc. was obtained in a similar manner from a typical 
net-blotch lesion on barley, and a species of Helminthosporium appar- 
ently differing from any previously described species was obtained 
from a diseased wheat root. Piricularia grisea (Cke.) Sacc. was iso- 
lated from a leaf-spot on a seedling millet leaf. In addition, several 
cultures were obtained from other workers for which grateful acknowl- 
edgment is herewith made, e.g., Helminthosporium sp. (of the general 
H. sativum type) from J. J. Christensen (originally from Dr. F. L. 
Stevens); herbarium cultures of Fusarium culmorum (W.G.Sm.) 
Sace. and Fusarium lini Bolley from Dr. Louise Dosdall; and a 
Fusarium moniliforme Sheldon culture from Dr. W. D. Valleau. 


PRELIMINARY PATHOGENICITY STUDIES 


In order to obtain a preliminary indication of the parasitism of the 
different cultures, essentially the same method as that used by Stakman 
(76) .was employed. Sterile Marquis wheat seedlings were prepared 
as previously described and planted in tubes of nutrient agar. Modified 
Sach’s solution or the three-salt solution of Livingston and Tottingham, 
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R,Ci, (47) plus 2 per cent agar, proved equally satisfactory. Equal 
quantities of this medium were placed in each of several large test 
tubes, and these were then plugged and sterilized. A 1 by 8 inch or a 
1 by 12 inch tube was usually used, but occasionally smaller ones were 
employed. The medium was tubed when the seedlings were ready to 
be transferred, so that the agar would still be comparatively soft. A 
single seedling was planted in each tube by means of sterile forceps. 
The seedlings were then arranged with a sterile platinum needle so 
that the rootlets penetrated into the soft agar. They were then inocu- 
lated with different fungi. This was accomplished by placing a bit of 
mycelium from the surface of an agar slant of each culture on the 
surface of the agar at the junction of the seed and roots. Several 
tubes of each series were left uninoculated. The tubes were inserted in 
jars of sand so that the roots were in comparative darkness, and the 
jars were then placed near a window in the laboratory. The final notes 
were usually taken after about three weeks. The degree of parasitism 
of the different fungi was then judged by their effect on the develop- 
ment of the seedlings, but particular attention was given to evidences 
of root parasitism as judged by stunting, deformity, discoloration, and 
other conditions of the roots as compared with the white uninjured 
roots of the controls. The results of these preliminary tests are sum- 
marized in Table VI (see also Plate 1). 

On the basis of these trials it was possible to reject many cultures, 
so far as further pathogenicity tests were concerned. It was considered 
that any cultures marked “—” did not merit further trial except for 
comparative purposes. It was also considered that most of the weak 
pathogenes could be discarded without danger of eliminating any which 
would be likely to prove destructive in the field. The fact that such 
well known pathogenes as Gibberella saubinetu and Helminthosporium 
sativum always parasitized the plants, whereas such saprophytes as 
Cladosporium, Cephalothecium, and Chaetomium did not, indicates that 
these tests at least gave a rough indication of the relative pathogenicity 


of the different fungi. . 
TABLE Viv“ 
SumMMaAry oF REsuLtts or InocuLatinG Roots or MaArguis WueEAtT SEEDLINGS GROWING IN 
AGAR, WITH DIFFERENT FUNGI 


No. of Degree of parasitism* 
Fungus Source cultures = — 
tested 


Alternaria (Sppi ea: n nee Seed 47 
Stemphylium parasiticum ....... es 
Stemphylitant Spy ssi ccro steed anus aa 
Helminthosporium sativum ...... I 
Helminthosporium N ........... 
Helminthosporium M ......... 
Torula spemnecea a aiesh meee 
Cladosporiumigisprs acer eee aie 
Gibberella saubinetiy 23. 4... co 


4 
Woon WH OO alt 
own woocHo all 
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TABLE VI—Continued 


No. of Degree of parasitism* 
ltures 

Fungus Source oe oe vy 2 me 
Fusarium moniuforme ;......... Seed 4 2 2 Co} 
iD iGehei tin SOs 9 eccn ed oo ooo = 8 4 4 8 
Cephalothecium roseum ......... a 2 ©) to) z 
Aspereillush Spp.) ies .e\.ee cre aera. Ry 6 i 2 3 
Penicillium tsppel een. se cee eee “ 4 ) I 3 
Acrostalagmus spp. 3 <.2ss000 oe 3 co) 2 E 
Chactommumespalam dss == © se i ° co) if 
Wirichodermay Sse ss 4 cjeess es are ES I rc) I a 
picOCCHiM spe canes ce cr hee ae ce 2 0 o 2 
War GGned Fo shire sisierece/e sis aes se “ 15 to) 9 6 
Fusarium moniliforme ......... Soil (direct) P 2 ce} i) 
MATS AMUIAE VOTACT piece lee ako s a were so rf I I te) ) 
Basak Sp pe cel seis ook wee se 5 rs 15 10 4 I 
HmIChOGEnimMaMESD PL mys vives ate wie so As ce s 7 3 4 @ 
[Esnegriine yy NAO Se See eee es “ 2 I I E 
Ncrosialagimuse spl ssa als wae ee Os * cs I (0) a ° 
Cephalosporiumi sp. ..-..-.....- = ae 2 () 2 ic} 
Sibi DellamUsp Nevers ti x.be cusakeun's tee» ee s I ) ) I 
IRIE TOFN OS “Selo, Gon een oe eee CG 03 8 oO Co) 8 
INES sho gS hoy Ny Ace ar eae ee i tas 5 te) te) 5 
Penicitlium spp... ee lees . bs “id o 3 4 
INSDELOTIITISESDPN! a ccrearanie fais * ce rs 9 o 4 5 
CladosPOLiMM SPs sce eee ee a 3 (a) te) 3 
PANG ANAT AN UST ey eine a Rag ci eiinje) en ‘ of 2 ° 2 °) 
(CHAGHOMATUM SD. a fee ees dee Hs ss 2 ) co) 2 
thermore ns wie aye cle sece: rehc “ 26 o 20 6 
Helminthosporium sativum ...... Soil (on roots) I I ce} ° 
Fusarium moniliforme ......... ee e fo I t co} 0 
SILA EVES DP tales cate agsi yi es ee s x «s 6 4 I ii 
Fusarium sp. (Elegans section). . i ss G3 I i (0) (o) 

PRM ZODUSERO sy Cokie cs cg tabi we pss ie } I o o 
Cephalosporium wsp. ....-.. 2... = id “¢ I (a) I to) 

OPIRGHMMUIZI CUE fale wine fe teteerh ais ee peek ier) eee 4 o oO 

Helminthosporium sativum ...... Wheat 

(foot and roots) 6 6 oO (0) 
Helminthosporium pedicellatum n.sp. Wheat (roots) i 0 I o 
Fusarium sp. (Elegans section)... 3 fe T i to) to) 
NGATLUGESD Dames tec a sisos ves sg fs 5 3 2 0 
Gibberella  saubinetiiy............ ¢ ne 3 3 ) fo) 
Colletotrichum graminicolum a a I I ) to) 
NCLOStAIQeIMUS SSP. =. ispecies ee ee is “ 3 I 2 Co) 
PISDGUCMNIS USPe anc enka te cs ae “ Os I oO ° I 
MRICHOMELINAIS Dip rine yc ots ale ws ig 3g re cc) x ° 
Cephalosporitim Spl Gia. bocce eee “ < i oO I Co) 
Whaetompamuysp: viene ele aee ces ss ae I © te) I 
TAG SPORTAGE SDM sinislanct < apie bax ee 4 Be I o I ° 
Penicillium Sp. |. <p Reeser ets © ce ss I oO 0 I 
RIO CEOMIAM SDA cyt age etapa ss: elene els « a « 2 2 te) ° 
CUCM NITION copays. < cig hee ox SS ee 22 ta) TS 7 
SaeMME Linde tacts wien « .... ~ (herbarium) I I 0 0 
Musarmium-culmorum voc... es phe a) I ° 
Helminthosporium sativum ....... (Stevens) 1 I to) tc) 
Gibberella saubinetii ............. (rye) I I oO 0 
SE GeUtN IRIS Der ielcicteysia) « <tane esse eh «c ey (miscellaneous) 4 2 i I 
DEricwiairaynOciSed a... caeeus sss. (millet) I (a) fo) I 
(CU es 1G a ee i (miscellaneous) 15 to) 8 if 
BROUAIS Rene terscrstcisS) bcd nue ode, ses + 301 76 136 89 

* + Parasitic. + Weakly parasitic. + — Non-parasitic. 
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PATHOGENICITY TESTS IN THE GREENHOUSE 


The selected cultures were now given a thoro test in inoculated 
soil in the greenhouse. Each fungus was tested by inoculating the 
soil in four 4-inch pots with a pure culture, and planting each with 
twenty-five seeds of Marquis wheat, so that each series consisted of a 
test of one hundred seeds. The seeds were surface sterilized as pre- 
viously described. The soil used was.a mixture of two parts garden 
loam and one part sand.. This was steamed usually for three hours 
on each of two successive days. The inoculum was grown in small 
Erlenmeyer flasks, on sterilized wheat seed soaked with water. All 
the fungi grew well on this medium and it was afterwards easily 
broken up and distributed through the soil. As nearly an equal quan- 
tity as possible of inoculum was added to each of the pots. The con- 
trols were treated in a similar manner except that the sterilized 
uninoculated medium was introduced into the soil instead of the in- 
oculated medium. The different pots of the different series were 
placed some distance apart on greenhouse benches in order to prevent 
the spread of inoculum from one series to another. Notes were taken 
after about thirty days. The contents of the pots were removed and 
the soil was washed away from the roots in running water. Notes 
were then taken on both roots and tops. The number of seedlings 
that survived was'recorded, and the number of these which showed 
root- or foot-rot and the severity of each was noted. Relative growth 
was measured by taking the total dry weight of the tops and in some 
instances their mean height. The former was considered the more 
reliable, however, and was used throughout, while the latter was 
frequently omitted in order to reduce the amount of work. These 
tests were continued from July 5, 1922, to March 11, 1923, and the 
results are presented in Table VII. Plate III, Figure 2, shows a typical 
control series comparea with one in which Fusarium moniliforme 
was used as the inoculum. 
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As an abundance of inoculum was used in these tests, it would 
seem that any virulent pathogenes would have a pronounced effect on 
the growth of the plants. None, however, except certain species of 
Fusarium and Helminthosporium was very virulent. Several other 
fungi did attack the roots, but in general not severely enough to in- 
terfere seriously with the growth of the plants. It scarcely seems 
probable that they would do much damage in the field, where the 
inoculum would be less plentiful. Several cultures which were marked 
“+” in the preliminary tests were either only slightly pathogenic or 
non-pathogenic in the greenhouse, e. g., numerous species of Fusarium. 
It will be noted that the control plants usually developed some root- 
rot also. This apparently was because the medium added to the soil 
formed a suitable substratum for the growth of any fungi which 
happened to be washed down from the surface of the soil. In the 
inoculated pots, on the other hand, the medium from the beginning of 
the experiment would be thoroly permeated with the mycelium of one 
fungus and hence others would not readily grow there. 


DISCUSSION OF DIFFERENT FUNGI AND 
fine ERPECD ON THE HOST 
FUSARIUM SPP. 

Fusarium graminearum, Schwabe (Gibberella saubinetii (Mont.) 
Sacc.).—This is a well-known parasite of wheat and other cereals 
(73, 1, 2, 36, 25, 53). It was the most virulent of any of the fungi 
studied. In most of the trials with this organism in the greenhouse, 
all or nearly all the seedlings were killed before they emerged from 
the soil. The virulence of different cultures varied somewhat. Two 
cultures, one isolated from wheat seed obtained from the Argentine, 
and another from seed from North Dakota, were particularly destruc- 
tive. (Table VIl—series 56 and 16.) The roots of surviving seed- 
lings were usually stunted and badly rotted, altho occasionally one 
would develop a few normal roots and apparently recover. The af- 
fected roots were usually light brown to reddish brown in color. In 
the roots examined, the central cylinder usually was destroyed first 
and the cortex later. The mycelium was intracellular in the stele. 
All stages of decay were noted, from a slight browning of a few 
cell walls to a general disintegration. Some of the cells were fre- 
quently completely filled with a brown mass of material which prob- 
ably consisted partly of mycelium and partly of disintegration products 
of the decaying cell walls. In the cortex the mycelium was both 
intra- and intercellular. There is little doubt that the importance of 
this fungus in the field as a cause of seedling blight is in large measure 
due to its destructiveness on the roots. 
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Fusarium culmorum (W. G. Sm.) Sacc—While this fungus is 
frequently confused with Fusarium graminearum Schwabe, it is un- 
doubtedly a distinct species (89). Its ability to cause root-rot of 
wheat was carefully studied by Stakman (76), who found it very 
destructive on all parts of the roots. She observed that the vascular 
tissue was usually attacked first, after which the hyphae spread out 
through the cortex. In the stele the hyphae were found inside the 
cells, whereas in the cortex they were mostly intercellular. The writer 
did not carefully study the relation of this organism to the host. A 
herbarium culture of the fungus was used in preliminary pathogenicity 
tests but it was only weakly parasitic and hence was not studied 
further. Possibly the virulence of the culture had been diminished 
by long-continued growth on artificial media. 

Fusarium moniliforme Sheldon.—Sheldon (69) first found F. 
moniiforme in 1903 on corn in Nebraska, and described it as a new 
species. A similar fungus found on corn was described by Saceardo 
(66). as Oospora verticilloides Sacc. This in all probability was FP. 
moniliforme, but Saccardo failed to observe the macroconidia. Chen 
(12) isolated a fungus corresponding to Saccardo’s Oospora verticil- 
loides, but states that if macroconidia were found it would be neces- 
sary to describe it as F. moniliforme Sheldon. During the last few 
years, the relation of F. moniliforme to foot- and root- and kernel rots 
of corn has been studied rather extensively in this country. Valleau 
(84) summarizes the literature on this subject up to 1920. Manns 
and Adams (48, 49) more recently present further data on its dis- 
tribution, importance, and prevalence. In a later paper (50) they dis- 
cuss this fungus as an internal parasite of seed corn. The only pre- 
vious mention of the occurrence of F. moniliforme on wheat that has 
come to the writer’s attention is that of Sherbakoff (71) who states 
that he found it on wheat seed, altho not often. 

As has been mentioned, the writer isolated Fusarium monili- 
forme from wheat seed, wheat roots, and wheat-sick soil. The identity 
of the fungus, however, was not determined until after it had been 
tested in the greenhouse for the first time (‘Table VII, Series 1). The 
results of that test were so pronounced that an attempt was immedi- 
ately made to identify the fungus. 

It was not readily identified at first, because the culture examined 
was growing on potato dextrose agar, and on that medium macro- 
conidia were rare. Both macroconidia and microconidia were abun- 
dant on the sterilized wheat seed medium, however. These agreed in 
all essential characters with Sheldon’s description and figures of F. 
momiliforme. In order to prove, however, that the two spore forms 
belonged to the same fungus, six single spore cultures were started 
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from microconidia, and six from macroconidia. In every instance both 
types of conidia were produced by the single spore cultures when grown 
on sterilized wheat seed. In subsequent work only single spore cultures 
were used. 

It was thought that strains of this fungus from different sources 
might be different. Valleau (84), for instance, found at least two and 
possibly three distinct strains on corn. Sherbakoff (71) also observed 
differences in different cultures answering the general description of 
this species, and proposed a new section of the genus Fusarium, namely, 
Moniliform, to.include those forms producing their microconidia in 
chains. 

The writer compared three of his cultures and one obtained from 
Dr. Valleau on the following media recommended by Sherbakoff (70) : 
a hard oat agar (without glucose), a stem and tuber plug (beans 
and potatoes), and a potato agar with 5 per cent glucose. For con- 
venience the cultures used will be designated as follows: 


Strain number Isolated from 
I Wheat seed from Missouri 
Il Soil from St. Paul 
Ill Wheat roots from St. Paul 
IV Corn (?) from Kentucky (Dr. Valleau) 


Marked differences between the strains appeared only on the potato 
agar. Strains II and III reacted similarly on this medium. Both 
caused the entire substratum to become deep reddish purple and both 
developed a light salmon-pink aerial mycelium. Strain 1 produced a 
similar growth on the surface of the agar but gave a purplish tint only 
near the surface of the substratum. Strain IV, on the other hand, failed 
to change the color of the substratum and produced practically white 
aerial mycelium. When the same strains were grown on sterilized 
wheat seed, I, I, and III produced macroconidia abundantly, but IV 
produced comparatively few in three tests made at different times. 
These results indicate that IV is probably distinct from I, II, and II, 
that II and II are very similar if not identical and dffer only slightly 
from I. : 

It was considered that it might-be possible to distinguish the strains 
on the basis of conidial length. An insufficient number of macroconidia 
was produced by Strain IV to make such measurements possible, hence 
Strains I and III were chosen for comparison. The measurements were 
necessarily made on conidia produced on one culture medium only, 
namely, sterilized wheat seed. Of course single spore cultures of the two 
strains were used and these were started at the same time on media 
prepared in the same way. The measurements of the mean length of 
the macroconidia in the different septation classes follow. 
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é5) 
TABLE VIII 
Comparison oF Conrpi1AL LENGTHS oF Two STRAINS oF F. moniliforme 
Strain I—culture 48 days old Strain I]I—culture 51 days old 
Septation Per cent of Length, No. Per cent of | Length, No. 
classes spores found microns measured|spores found microns measured 
T-SEDtAte Sake sc oat ents 15 24.20 12 " 20 20.20 20 
2-septate:). \.sincneieee 8 30.30 9 4 25.60 4 
B-Septate..;. sts aacene 64 39.25 0.39 100 vant 38.02 +0.32 100 
4sseptate. sc... cnetueawenn 8 42.90 I5 3 43.10 3 
Eee) OME RRO ia erp thas oss 4 45.50 r3' 2 45.30 2 
6-septate’. F nds edamees I 49.20 7 


It is evident that only the 3-septate classes can be compared reliably, 
as an insufficient number of spores was found in the other septation 
classes. Moreover, since 3-septate spores are most typical of Ff’. monili- 
forme, they would naturally be chosen as a basis for comparison, In 
this case the difference between the mean lengths of the 3-septate 
macroconidia of Strain I and Strain III is probably not significant, as it 
is less than three times the probable error of the difference. 

It was found that Strains I, II, and III] were equally virulent on 
wheat, while Strain IV was much weaker. Comparative data for 
Strains III and 1V are given ‘n Table IX and in Plate III, Figure 1. 
Series similar to those reported in Table VII were used. 


TABLE IX 
ComMPaRIsON or RELATIVE VIRULENCE oF Two Strains oF F. moniliforme on Marquis WHEAT 
: Length Seedlings Seedlings Mean Dry 
Strain ot test. Source Stunted with root- with foot- height, weight, 
days of culture seedlings rot* et Or ems. _ gms. 
TIT 38 Wheat roots 22/22 ° 22/22 121/22 9.14 0.29 
IV 38 Corn 18/64 541/64 45% /64 21.99 1.83 
Control 38 eres I1/9t o/9r 0/91 27.81 5.03 
*h— heavy, -l=light, “tatrace, 


Like results were obtained from two other similar tests. In one of 
these the inoculum was grown on sterilized soil to which 5 grams of 
cornmeal per 100 grams of soil had been added. The same relation 
was maintained, however, in respect to the relative pathogenicity of the 
two strains regardless of the kind of inoculum used, but the injury was 
of a somewhat lesser degree in the pots receiving the soil inoculum than 
in those receiving the seed inoculum, owing apparently to a less abundant 
growth of the fungus in the former. These results again: indicate that 
Strain [V is different from Strains I, II, and III. 

The different strains of Fusarium moniliforme isolated by the writer 
were clearly pathogenic to wheat roots. The roots of seedling wheat 
plants were badly rotted when grown in inoculated agar, nutrient solu- 

° These strains were sent to Dr. Sherbakoff for identification. He replied that he believed 


they were all of the Fusarium moniliforme species but considered that some of them would 
prove to be distinct organisms (presumably varieties or physiologic races). 
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tions, rag-doll germinators, and soil. The rotted roots were often badly 
stunted, especially in the inoculated soil (Plate IV). The tops of the 
diseased seedlings also were usually badly stunted. Both the stele and 
the cortex were attacked in the diseased roots examined. The former 
often showed indications of rotting before the latter. Both event- 
ually became thoroly riddled with mycelium and then disintegrated. 
(Plate IX, Figs. 5 and 6.) The rules of proof were, of course, carried 
out. The foot of the plant, especially the part above ground, was appar- 
ently much less susceptible to attack than the roots. The coleoptiles of 
the seedlings were often attacked but the stem was usually not attacked 
until after the plants were greatly weakened by root-rot. Wheat seed- 
lings from two to three weeks old were inoculated on the foot near the 
surface of the soil, but none developed foot-rot. Six seedlings were 
wounded before inoculation and four of them died, but it is doubtful 
if their death was due to the effects of the fungus. On wheat seedlings, 
therefore, F. moniliforme seems to be primarily a root-rotting fungus. 

While most of the pathogenicity trials with F. moniliforme and 
with other fungi were made primarily on the seminal roots, a few ad- 
ventitious roots frequently developed and became diseased before the 
conclusion of the tests, altho they seemed to be more resistant to most 
pathogenes than the seniinals. Hence seedlings which survived long 
enough to produce them showed a tendency to recover. This was true 
even of plants infected with Gibberella saubinetu. 

Experiments were made to determine whether F. moniliforme from 
wheat would attack other cereals. Table X and Plate V, Figures I to 3, 
show the results of growing wheat, oats, barley, rye, field corn, and 
sweet corn on soil inoculated with a culture of F. moniliforme (Strain 1) 
growing on wheat seed. In these experiments two kinds of checks were 
used : those to which sterile medium was added and those to which none 
was added. Wheat, rye, oat, and field corn seedlings in the former type 
of check grew somewhat less vigorously than those in the latter type 
(Table X) but these differences were not marked (Plate V). The 
checks in all cases, however, were much superior to the seedlings in 
inoculated soil. 

Each of the inoculated cereals was attacked by the fungus, which 
was readily recovered from surface-sterilized portions of the diseased 
roots, rhizome,’ or foot of each, and.abundant mycelium was found 
in the diseased tissues. The roots were severely rotted in all cases. 
Corn was severely attacked at the base of the plants as well, and the 
rhizomes of the oat plants were often thoroly rotted. The coleoptiles 
of the other seedlings were frequently discolored, but the stems ap- 
parently were invaded only after the plants had become weakened. 


7 Used in the same sense as Percival (loc. cit. p. 7) used it. 
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It is probable that F’. moniliforme woud be much less destructive in 
the field than in these tests, as the amount of inoculum would rarely, 
if ever, be as abundant under field conditions. In old corn fields, 
however, F°. moniliforme must be very prevalent on stubble, old stalks 
and roots, and even in the soil. It would be expected, therefore, that 
when wheat or some other cereal was sown on such land its roots 
would be attacked by this fungus. It is well known that Gibberella 
saubinetu occurs very abundantly in such fields and that wheat follow- 
ing corn is particularly heavily attacked by this fungus. It is possible 
that F. moniliforme may be destructive under similar conditions and 
that proper crop rotation will help to control it. 

Other Fusarium spp—Two other species of Fusariwm studied also 
were decidedly pathogenic to wheat roots (Table VII, Series 29 and 
45). Cultures of these were submitted to Dr. Sherbakoff, and he 
placed them in the section Elegans but has not yet been able to make 
specific determinations. These species attacked wheat roots in prac- 
tically the same way as does Gibberella saubinetti, but were somewhat 
less virulent. They usually killed more of the seedlings than did F. 
moniliforme. 

Several other species of Fusarium were slightly pathogenic on 
wheat roots in the greenhouse, e.g., F. lini (Table VII, Series 31). 
Many, however, such as F. betae (Table VII, Series 78) evidently 
are unimportant as pathogenes of wheat roots. 


HELMINTHOSPORIUM SPP. 
Helminthosporium sativum P.K. and B.—The pathogenicity of 
H. sativum on wheat roots has been definitely established by Stakman 
(75), Stevens (79, 81), Christensen (13), and Dosdall (19). All the 
strains studied by the writer were parasitic, but one isolated from a 
wheat seed from Oklahoma was particularly virulent and was used for 
comparison with other fungi. All the roots of wheat seedlings grown in 
soil inoculated with this strain were usually attacked. Diseased roots 
showed general or local browning and often were more or less speckled 
with minute darker spots over the surface of the rotted portions. Some- 
times the rotting involved the whole root but it was often confined to the 
upper parts or to local areas. Some of the roots were frequently badly 
stunted by the fungus. The mycelium was found mainly in the cortex. 
Dark brown lesions frequently occurred on the rhizome, on the foot, and 
on seedling leaves. Diseased seedlings were usually stunted, altho some 
of them developed quite normally. In general, however, the stunting 
was less pronounced and the seedling survival greater than in soil in- 
oculated with pathogenic species of Fusarium. 
McKinney (55) reported that all the strains of Helminthosporium 
which he isolated from wheat were similar and corresponded morpho- 
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logically with H. sativum. Melchers (83) found at least two species 
of Helminthosporium on wheat but did not state how they differed. 
Drechsler (20) points out that several species other than H. sativum 
have been found on wheat, eg., Hl. geniculatum, a small geniculate 
spored form reported by Palm from Java; H. tritici Hennings, a small- 
spored form differing from the former, collected by Zimmerman in the 
territory which was formerly German East Africa; a geniculate spored 
form reported by Stevens (79), in Illinois; and a few small-spored 
forms reported by Stakman (75), in Minnesota. The writer isolated 
at least four species (Plate XI) and probably five or more from wheat. 

Helminthosporium N.—A. Helminthosporium species differing from 
H. sativum sufficiently to be regarded as another species was isolated 
several times from wheat, especially from the seeds. It produced symp- 
toms similar to those caused by H. sativum on the roots, foot, leaves, 
heads, and seeds of wheat, altho all strains tested were less virulent 
than H. sativum. <A single spore culture of this organism produced 
conidia of rather uniform shape but differing considerably in length and 
number of septations. The conidia resemble those of Podosporiella 
verticillata, O'Gara, a fungus which O’Gara (57) described on germinat- 
ing wheat seed. No synnemata, however, have been observed in the 
author’s cultures even on wheat and rice, the media on which O’Gara 
always obtained normal fruiting. The spores are much narrower and 
more cylindrical thai the conidia of AH. sativum. Data on conidial 
length, breadth, and number of septations of 100 spores of a single 
spore culture are compared with similar data for H. sativum in Table XI. 
(See also Plate XI, Figures 1 and 3.) The data on conidial width are 
also illustrated graphically in Figure 1, page 36. Cultures of the same 
age grown.on sterilized mature wheat heads were used, and care was 
taken to avoid unconscious selection of the spores measured. 

The most pronounced difference is in the width of conidia. This 
difference is more than forty-two times its probable error. There also 
is considerable difference in conidial length. It is noteworthy that 
the conidia of Helminthosporium N are shorter than those of H. 
sativum. When the two are examined in the same mount, however, 
this difference is not very apparent, as the conidia of Helmintho- 
sporium N look long, probably because they are so much narrower 
than those of H. sativum. No significant difference was found be- 
tween the mean number of septations of the two, but H. sativum was 
more variable in this respect than Helminthosporium N. 


8S As the production of synnemata seems to take place only under certain conditions, it 
has seemed advisable to study this fungus further before deciding on its identity. Dr. Drechsler, 
who examined a culture of the fungus, considered it’ distinet from H. sativum and also noted 
the similarity of the conidia with those of Podosporiella verticillata, He observed light areas 
at the ends of the spores which were larger than those in H. sativwm and fuliginous rather than 
dark olivaceous in color. 
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Fig. 1. Relative Conidial Width of: Helminthosporium N and H. sativum 


Helminthosporium M.—Several similar small-spored strains are 
included here. These were isolated from several sources, as indicated 
below. For convenience we shall refer to them by number as follows: 


Strain Isolated from 
I Wheat seed from St. Paul, Minn. 
II - “ “Burdette, Kan. 
Ill 5 “Indian Head, Sask. 
IV Millet leaf from Waukegan, III. 


Two other similar small-spored strains were also isolated, one from 
wheat roots and one from barley roots, but these were not studied 
further. The relative pathogenicity, spore dimensions, and reaction 
on different culture media of Strains I, IJ, III, and IV, however, were 
studied in some detail. ; 

The exact identity of these forms is difficult to determine. They 
apparently may be placed with justification in either“of two genera, 
namely, Helminthosporium or Brachysporium. They were previously 
tentatively assigned to the latter genus (31) in order to distinguish: 
them from certain large-spored species of Helminthosporium from 
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wheat (Plate XI). If Lindau’s (44) suggestion were followed, namely, 
that Brachysporium be reserved for species whose spores are not more 
than twice as long as they are broad, then three of the above strains 
would belong in the genus Helminthosporium and one in Brachysporium. 
This suggestion, however, has not been followed in the case of many 
species of Brachysporium, e.g., Brachysporium graminis Boy. and Jacz. 
(67) and Brachysporium trifolii Kauffman (9). The latter species and 
also Helminthosporium inaequalis Shear (74) have spores which corre- 
spond rather closely in shape and size to the conidia of the forms isolated 
by the writer. 

These small-spored cultures were submitted to Dr. Charles Drechsler 
for identification. He was unable to place them specifically but pre- 
ferred to refer them to the genus Helminthosporium rather than to 
Brachysporium.® Stevens (81) also placed several similar small-spored 
forms isolated from corn, in the genus Helminthosporium. In order 
to avoid confusion, the small-spored forms from wheat, barley, and 
millet are therefore also referred to this genus in this paper. Two of 
these strains, namely, III and IV, produced the erect sclerotoid coremia- 
like bodies in old cultures similar to those described by Shear, for his 
H. inaequalis. It is possible that they are closely related to that fungus, 
but Dr. Drechsler was of the opinion that they were not identical 
with it. 

In order to compare the cultural characters of the four strains, they 
were grown on three different media: Oat agar, Czapek’s agar, and 
potato dextrose agar. Cultures from single spores were used in all 
cases. Duplicate plates of each medium were inoculated with each 
strain. The plates were inoculated in the center with a small bit of 
mycelium, and notes were taken on the cultures at the end of the third 
and sixth days. Invariably, duplicate colonies of the same strain oa the 
same medium were alike. These results are presented in Table XII 
and Plate VI. ‘Strain I produced an orange pigment on Czapek’s agar 
and on potato dextrose agar, while none of the others did. Strain IT 
could also be readily distinguished from the others on these agars by its 
uniformly dark, abundantly sporulating colonies. Thé strains resembled 
each other most on oat agar, but even on this medium they could be 
distinguished. Strains III and IV could be distinguished on Czapek’s 
agar, but less readily on potato dextrose agar. In general, Strains II] 
and IV were most nearly alike. As will be pointed out later, however, 
the pathogenicity of these two strains differed. 

® Dr. Drechsler Ronsidered that the only way to deal with these forms was to collect 


large numbers of strains and then to separate them into their component species, as it is 
impossible without further study to apply either a new or an old binomial to them. 
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In crder to obtain material for comparing the spore dimensions of 
the four strains, single spore cultures were grown on sterilized mature 
wheat heads in test tubes under as uniform conditions as possible. The 
spores were measured in a water mount; with a screw micrometer. 
Unconscious selection of spores for measurement was avoided by 
measuring only those which lay parallel to one of the cross hairs of 
the micrometer, and by measuring all such spores that were encountered 
in passing from one side of the mount to the other. The length, breadth, 
and number of septations of each spore were recorded. One of the 
longest-spored strains was selected for measurement first, in order to 
determine how many spores it would be necessary to measure in order 
to avoid errors which might result from measuring an insufficient 
number. It was found that the differences between the mean lengths 
of £0, 100, 150, and 200 spores were insignificant. It was decided, 
therefore, to measure 100 spores of each strain. It was also found that 
there were no significant differences between the means of different lots 
of 50 spores end different lots of 100 spores from the same culture. 
Table XIII summarizes the data from these measurements. 

Two of the strains from wheat seed, namely, I and III, have prac- 
tically the same means for conidial length, but the conidia of Strain II 
are much shorter, the difference between II and I being 11.23 times the 
probable error of the difference. Spores of Strain IV are also some- 
what shorter than those of Strain I, the difference in this case being 
3.32 times its probable error. In mean conidial width, I and II do not 
differ significantly, while III and IV differ from each other and also 
from both Iand II. The extremes, as represented by I and IV, present 
a difference which exceeds its probable error 11.12 times. The mean 
number of septations in I, ITI, and IV agree closely; their spores are 
normally 4-septate. Those of II, however, are typically 3-septate. The 
relative conidial lengths of the four. strains are illustrated graphically 
in Figure 2, page 41. Strain II stands out from the others in having 
shorter spores with fewer septations. 

Strains I and IV were rather virulent on wheat, while Strains II 
and III were only weakly parasitic (Plate VIII, Fig. 1; also Plate VII, 
Fig. 1). The effect of the different strains on two varieties of wheat 
Marquis and Kanred, grown on sterilized soil inoculated with cultures 
of the organisms, is shown in Table XIV. All strains attacked the 
roots, invading the cortex as far as the endodermis. (Pla‘e IX, Figs. 3 
and 4.) The mycelium was most abundant in the intercellular spaces, 
altho frequently it was intracellular, some host cells being packed full 
of the large, dark brown hyphae. Infected portions were often nearly 
black, owing to the abundance of the dark mycelium in the cortex. 
Others showed symptoms much like those produced by H. sativum. In 
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the case of the more virulent strains (I and IV), roots were frequently 
attacked throughout their length and were badly stunted, whereas the 
attack of the other strains was usually more localized. Strains I and 1[V 
also produced more pronounced stunting of the tops and frequently dark 
brown spots on the first seedling leaves, as well as foot-rot similar to 
that produced by AH. sativum. The order of virulence of the four 
strains on the heads and grains was the same as on the seedlings. All 
strains were re-isolated many times from diseased roots. 

50 


ue ee ae 


NUMBER of SPORES 


MICRONS 
Fig. 2. Relative Conidial Length of Four Strains of Helminthosporium M 


TABLE XIV 
CoMPARATIVE EFFectT oF Four Srriins oF Helminthosporiwm M on Two Varieties or WHEAT 
Duration d Seedlings Seedlings Mean Totaldsy 
Strain Variety of test, Stunted with with height, weight of Observa- 
of wheat days seedlings _foot-rot* root rot* cms. tops,gms. tions 
I Marquis 38 20/64 640/64 641/64 15.88 1.32 12% dead 
I Kanred Ee 60/60 60"/60 281/60 8.84 0.92 28% dead 
IV Marquis & 44/44 44/44 36™/44 11.00 0.68 12% dead 
IV Kanred c 44/68 681/68 28™/68 10.50 0.84 16% dead 
II Marquis ‘a 4/64 641/64 81/64 27.10 3-36 4% dead 
II Kanred | of 32/88 881/88 0/88 21.22 4.64 
Ill Marquis ss 20/84 841/84 t2tr/84 20.74 2.50 
III Kanred a 32/76 721/76 8tr/76 19.45 2535 
Control Marquis #s 11/9l ot'/gr 0/91 27.81 5.03 


*t—heavy, ™=moderately heavy, }=light, t'=trace. 
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If there should be in these strains but one collective species or a 
Linneon, as Stevens (81) and Christensen (13) found with H. sativum, 
it would at least comprise three if not four elementary species. The 
spores of the four strains have the same general morphology. They 
are dark olivaceous, usually curved (Plate XI, Fig. 2), each with a 
small hilum at the lower end, borne in a similar manner (Plate XII, 
Fig. 5), and germinating usually from both ends (Plate XII, Figs. 1 
and 2). Differences in size, however, are found when careful measure- 
ments are made and possibly other morphological differences will be 
found with closer study. It may be that they should be designated as 
distinct species, but no binomial can be applied until the whole group 
of small-spored Helminthosporia has been studied more carefully. 

Inoculation experiments also were made with H. gramineum ( Rab.) 
Erik. and H. teres Sacc. While the results were somewhat inconclu- 
sive, neither appeared to be a virulent parasite of wheat roots. 

Helminthosporium sp.—Another very interestwee species of Hel- 
minthosporium was isolated from a diseased wheat root growing in the 
greenhouse on a continuous-wheat soil obtained from one of the 
agronomy field plots. This fungus caused dark brown lesions on wheat 
roots in greenhouse tests and the mycelium penetrated the cortex, but 
it was only weakly parasitic, if at all. It was readily recovered from the 
roots. The spores and conidiophores are shown in Plate XI, Figure 4. 
It is readily seen that the fungus differs from any of the other species of 
Helminthosporium isolated from wheat.'° It constitutes a well differ- 
entiated species which apparently has not been previously described. 
A new species is therefore proposed with characters as follows: 

Helminthosporium pedicellatum n. sp—Producing, on potato dex- 
tsose agar, fine hyaline aerial mycelium with a coarser fuliginous 
mycelium in the substratum: conidiophores clavate, rarely branched, 
relatively straight to the point of attachment of the first spore, above 
which successive spores are produced at the apices of geniculations ; 
measuring 2.5 to 9.5 m in diameter, producing the first spore usually 
100 to 200 p from the base and developing from 2 to 9 septations below 
the first spore; total length very variable; brownish olive and thick- 
walled above but usually lighter and thinner walled towards the base; 
points of attachment of spores marked by scars. Conidia broadly fusi- 
form, typically straight, widest near the middle, and decidedly attenu- 
ated toward both ends, being rounded off at the apex at approximately 
one-sixth to one-third the maximum width of the spore tho occasionally 
much broader at the apex, narrowed to a pedicel-like elongation at the 
base, slightly constricted at the hilum; brownish olive episporium with 


10 A culture was submitted to Dr. Charles Drechsler who considered it a well characterized 
species, different from any that he had previously seen. at 
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small pale area adjacent to the hilum, hyaline gelatinous endosporium ; 
germinating from both ends but usually from the base, 1-9 septate but 
usually 7, septate; measuring 23.42+0.17 by 65.30+0.96 (14.71 to 
29.44 by 31.00 to 91.44) ; measurements based on 100 spores grown on 
a sterilized mature wheat head. 

Isolated from wheat roots at St. Paul, Minn., Sept. 28, 1922. 


MISCELLANEOUS FUNGI 

Other genera contain species which can attack wheat roots but not 
to such an extent as to interfere markedly with the development of the 
plants. While they are interesting, it is not considered that they would 
be very destructive under field conditions. Only a few of them there- 
fore will be mentioned. 

Alternaria—Many strains of this genus were tested but the results 
were conflicting. In the first series of tests made in test tubes, 47 
strains were used, and a few apparently were parasitic. Inoculations 
were made with the apparently parasitic forms, but the results were 
variable. All the strains tested in the greenhouse were only weakly 
parasitic. Diseased portions of the roots were usually localized and 
brown to black in color, and in these regions the mycelium was found 
_ in the cortex only. Thé fungus was re-isolated frequently. 

Stemphylium parasiticum (Thiim.) Elliot—This fungus, altho 
able to produce black-point on the seeds, failed to attack the roots to any 
appreciable extent. Occasionally tiny black lesions were formed on the 
roots, but usually inoculated roots remained perfectly white and un- 
injured. The morphology of the fungus corresponds rather closely 
with that of the species appearing in literature as Macrosporium para- 
siticum Thiim (23). Following Elliot (22), however, this becomes 
Stemphylium parasiticum (Thim.) Elliot. According to Miyabe (51), 
‘M. parasiticum and M. sarcinula Berk. are identical and Pleospora 
herbarum (Pers.) Rab. is the perfect stage. However, the latter stage 
has not yet been observed in the writer’s cultures... M. commune Rab. 
has also been considered identical with M. sarcinula (44) and M. para- 
siticum (80), but Lindau (44) preferred to keep the three species 
separated until further work confirmed their identity. 

Altho the spores (Plate XII, Figs. 6 and 7) of the culture on wheat 
are similar in shape to those of M. sarcinaeforme Cav. on clover (42), 
they differ in size and also in having a rough exospore. Stemphylium 
tritici Pat. (58) has been reported by Johnson (37) as the cause of 

11 For this reason it has been deemed advisable not to use the name Pleospora herbarum 
(Pers.) Rab. until the perfect stage of the writer’s material has been found and proved to 
belong to this species. Altho M. sarcinula Berk. was described before M. parasiticum Thiim., 
the latter specific name is used because authentic exsiccati material of Berkeley’s fungus was 


not available and the writer’s fungus corresponded closely with von Thiimen’s specimen of 
M. parasiticum (667 de Thiimen Mycotheca Universalis). 
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floret sterility of wheat, but this undoubtedly is a différent species, as 
the spores are catenulate. 

Phoma sp.—An interesting species of Phoma was obtained several 
times from a continuous-wheat soil, at University Farm, St. Paul. 
After a week or inore in culture, this fungus developed abundant 
pyenidia and numerous dark brown chlamydospores in the mycelium. 
Thinking that the latter might belong to another fungus, cultures were 
several times secured from single pycnospores, but invariably these cul- 
tures developed typical chlamydospores. This fungus in inoculated soil 
readily penetrated the root cortex as far as the endodermis, and fre- 
quently the cortex was literally riddled with its mycelium (Plate IX, 
Figs. t and 2). The presence of the fungus was very evident from the 
fact that the mycelium produced many large chlamydospores. These 
were observed in root hairs and in epidermal and cortical cells, but 
never in cells of the central cylinder. The attacked parts were some- 
times several centimeters in length, and almost black, but rarely ex- 
tended to the ends of the roots, being mostly within an inch or two of 
the seed. Many re-isolations were made from affected roots. 

Rhizoctonia—Stakman (76) inoculated durum wheat seedlings 
with this fungus. It caused a general blighting of the seedlings but 
attacked the roots only slightly. The writer did not isolate this fungus 
in the field. Howeyer, in two instances, tiny black sclerotium-like 
bodies developed on the roots of check plants growing in nutrient agar. 
Rhizoctonia was isolated from these. The fungus could have come 
from no other source than from the seed, in these instances. Several 
seedlings were inoculated in test tubes with the fungus, and the sclero- 
tium-like bodies developed on the roots of the inoculated plants, whereas 
roots of the controls remains normal. The seedlings were also attacked 
at the foot and some were severely blighted. Greenhouse tests were in- 
conclusive. No sclerotium-like bodies developed on the roots, and the 
plants grew quite normally. 

Repeated unsuccessful attempts were made to isolate the fungus 
from what appeared to be Rhizoctonia mycelium, in tiny spots about 
1 mm. long, occurring very abundantly on wheat roots in unsterilized 
soil, both in the field (Plate II, Fig. 2) and in the greenhouse. The 
mycelium was usually confined to a few epidermal cells, and often 
formed a small sclerotium-like body on the exterior. Sometimes the 
whole root was encircled by the mycelium, which is large, dark brown, 
and somewhat resembles that of Rhizotonia. No rotting was evident 
and the fungus appeared to cause very slight injury, if any. 

Colletotrichum graminicolum (Ces.) Wilson. — In this species 
Wilson (7) includes several forms that were previously described) 
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as distinct species, e.g., Colletotrichum cereale Manns. This fungus was 
only weakly parasitic on wheat roots in the greenhouse and was not 
studied further. 

Aspergillus niger Van Tiegh.—A strain of this fungus, from wheat 
seed from South Dakota, was pathogenic in preliminary tests and mod- 
erately so in the greenhouse. The tips of the roots were rotted most 
noticeably and the fungus was recovered from the diseased parts. 


Other trains were non-parasitic. 


Acrostalagmus sp—Several similar cultures of a fungus answering 
the general description of Acrostalagmus (43) were isolated from wheat 
roots and from the soil. The spores were borne in slimy heads, altho 
sometimes they were in ear-like masses on verticillate conidiophores. 
In the young cultures, however, the spores were typically in slimy heads. 
While this fungus was not particularly destructive, it did cause a char- 
acteristic deformity of the roots of some of the wheat seedlings grown 
in inoculated soil (Plate VIII, Fig. 2). Such roots were stunted, swol- 
len, gnarled, and rotted particularly at the tips. The tops of these dis- 
eased plants were invariably badly stunted. However, most of the 
plants in pots of inoculated soil developed normal or nearly normal root 
systems. The fungus was readily recovered in pure culture from the 
diseased roots, but there is little reason to think that it would be de- 
structive under field conditions. 

Trichoderma spp.—sSeveral strains of Trichoderma which were not 
identified specifically were slightly parasitic in the greenhouse, but did 
not appear sufficiently destructive to merit special study. One of these 
resembled Trichoderma lignorum (Tode) Harz., as described by.Cook 
and Taubenhaus (15), altho it may not be identical with it. The others 
were more similar to T. koningi Oudemans pee on Stakman (76) found 
to be parasitic on cereal roots. 

Other fungi.—Several ‘cultures of a Cephalosporium, resembling 
Cephalosporium acremonium Cda., as well as a few forms which failed 
to produce conidia, were either non-parasitic or very weak pathogenes 
in the greenhouse. In addition, many non-pathogenic species were dis- 
carded in the preliminary tests. (See Table VI.) 


COMPARISON OF THE WIRULENCE OF DIFFERENT FUNGI ON 
WHEAT / 

Several fungi were selected which had shown varying degrees of 
virulence in previous trials. Each was grown on an equal amount of 
sterilized wheat seed medium, and all cultures were started at the same 
time. After the medium of the different cultures was thoroly permeated 
with mycelium, each culture was used to inoculate a pot of sterilized 
soil in the greenhouse. Twenty seeds of winter wheat (Muinhardi, 
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Minn. 1505) were sown in each pot. The results of this experiment 
are given in Table XV. (See also Plate V, Fig. 4.) 
TABLE XV 


Comparative Errecr or Sort Inocuration witH Dirrerent Funct on WuiNnTER WHEAT 
(Minuarpi, Minn. 1505) IN THE GREENHOUSE 


Duration Seedlings Seedlings Mean Total dry 
Inoculum of test, Stunted with with height, weight of 
days _'seedlings* root-rott foot-rot cms. tops, gms. 
None (control) 34 2/20 0/20 0/20 26.54 0.51 
Wy £s ns “0/17 0/17 0/17 30.03 0.48 
ye 0/15 1/15 1/15 28.55 0.31 
f Re Ry 1/18 1/18 0/18 27.10 0.43 
Stemphylium parasiticum Sf 0/19 0/19 7/19 30.00 0.54 
Helminthosporium pedicel- 
latum n. sp. y 2/18 181/18 2/18 24.19 0.39 
Helminthosporium sativum ¥ 3/12 12"/12 2/2 23.60 0.21 
Helminthosporium M. Strain I ‘* 1/13 13/13 0/13 19.73 0.19 
Fusarium moniliforme (from 
seed) # 10/12 t2!!/12 o/t2 12.86 0.13 
Fusarium moniliforme (from 
soil) a 12/14 14h/14 3/14 11.88 0.13 
Gibberella saubinetii (soil) EU 3/6 64/6 3/6 13.26 0.07 
Fusarium sp. (soil) (Elegans 
section) : No plants emerged from the soil 


& ‘e “ “ec ‘e 


Gibberella saubinetii (seed) 
Fusarium sp. (foot) (Elegans 
section) 


* The denominator indicates the number of seeds (out of 20) which produced plants. 
The numerator represents the number of surviving seedlings which were stunted or attacked 
by roct- or foot-rot. 

t4alight. "=heavy. 


: 


In the field, duplicate rod rows were also inoculated in a similar 
way with cultures of several of the fungi, and sown with both winter 
and spring wheat. The winter wheat (Minhardi, Minn. 1505) was 
sown on September 30, 1922, and the spring wheat (Marquis) on 
May 15, 1923. Notes were taken on the seedlings in each case about 
six weeks after planting. The percentage seedling survival was taken 
as an index of the relative virulence of the fungi. The results of these 
tests are shown 1n Table XVI. 

In the greenhouse the Fusarium spp. were more virulent than the 
Helminthosporium spp. Stemphylium parasiticum and Helmintho- 
sporium pedicellatum, on the other hand, caused little if any injury to 
the seedlings. After considering the field results also, it is quite evident 
that Gibberella saubinetii is the most virulent parasite tested. This was 
true not only in the fall when soil temperatures were low but also in 
the spring when they were relatively high. Helminthosporium sativum 
was also decidedly destructive in the fall, but unfortunately was not 
included in the tests made in the spring. Helminthosporium M. Strain 1, 
while equally as destructive as H elminthosporium sativum in the green- 
house, was less so in the field. Fusarium moniliforme apparently de- 
stroyed nearly as high a percentage of seedlings under high soil tempera- 
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ture conditions (spring) as Gibberella saubinetti, but was much less viru- 
lent in the fall and somewhat less so in the greenhouse. The two 
Fusarium spp. of the Elegans section were much less destructive in the 
field than in the greenhouse. The number of seedlings killed, of course, 
represents only a part of the injury. Naturally most of those that grew 
were weakened in varying degrees. In further tests it obviously would 
be desirable to have at least one series on sterilized soil. 


TABLE XVI 


SEEDLING SuRVIVAL OF WINTER AND SpRiING WHEAT Sown 1N Rop Rows Arter INOCULATING 
THE Sorit with DIFFERENT FUNGI 


Percentage of seedlings which survived 
Winter wheat 


Tnoculum* Minhardi, Minn. 1505) Spring wheat (Marquis) 
First Seccnd First Second 
series series Average series series Average 
None (Control) 88.5 84.5 86.5 58.0 65.0 61.5 
Helminthosporium sativum 35:0 32.0 33-5 eas sae tans 
Helminthosporium M Strain I 62.5 57.0 59.7 64.0 56.0 60.0 
Fusarium moniliforme Strain I 69.5 7B Vases ; . t 
Fusarium moniliforme Strain II 68.5 72.5 70.5 38.0 41.5 39-7 
Fusarium sp. Elegans section 
(soil) 59.5 66.5 63.0 52.= 63.0 Eee 
Fusarium sp. Elegans section 
(foot) 75.5 68.0 yr atord 55.5 52.5 54.0 
Gibberella saubinetii (roots) 20.5 20.5 21.0 Ware aA was 
Gibberella saubinetii (seed) 10.5 16.0 13.2 40.5 ches 38.0 


* A fairly high percentage of seedlings was killed in rows to which sterile uninoculated 


' medium was added. This was apparently due to the fact that the soil used was not sterilized 


and hence the medium introduced formed a suitable substratum for the multiplication of 
pathogenes present in the soil. On sterilized soil in the greenhouse, on the other hand, there 
was usually only slight root injury to the control plants and little difference in this respect 
between controls sown in soil to which the sterile medium was added and those sown in soil 
to which none was added (see Table X and Plate V). 


ANATOMY OF WHEAT ROOTS IN RELATION TO ROOT-ROT 


In describing the anatomy of the seminal roots of wheat, Percival 
(60) distinguishes three principal regions, which are shown in cross- 
section: (a) a piliferous layer developing root hairs from many of its 
cells, (b) a broad cortical region, and (c) a central vascular cylinder 
or stele. The cortical region consists of several layers of thin-walled, 
parenchymatous cells with small intercellular spaces, and an inner layer 
or endodermis made up of closely packed cells whose outer walls are 
thin but whose inner walls become thickened and strongly cuticularized, 
particularly when old, and whose radical walls also become thickened 
especially toward the interior of the roots. The third region, the 
stele, has an outer layer, the pericycle, which consists of a single 
row of somewhat elongated, thick-walled, lignified cells, uniform in 
size except for smaller cells opposite the protoxylem elements. Within 
are seven or eight xylem strands, and alternating with them are the 
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phloem bundles. A large pitted vessel is found in the center of the 
stele; sometimes there are two or more, The conjunctive parenchyma 
of the stele also has rather thick walls. 

One of the striking features noticed in the examination of sections 
of diseased roots is the localization of the mycelium of different fungi 
to particular regions of the root. The piliferous and cortical regions 
are most commonly attacked, hence we get roots with “loose cortex.” 
In Plate IX, Figures 1 and 2, two sections of a seminal root attacked 
by Phoma sp. are shown. It will be noted that the stele is intact and 
free from mycelium, while the cortex is riddled with it. A similar con- 
dition is illustrated in Figures 3 and 4 of the same plate, which repre- 
semt sections of roots attacked by Helminthosporium M. In both 
instances the mycelium has penetrated to, but not beyond, the endo- 
dermis. In Figures 3 and 4, one or two of the endodermal cells have 
been entered by the mycelium of Helminthosporium M, but no hyphae 
have penetrated the thick, lignified, inner endodermal walls. On the 
other hand, in Plate IX, Figure 5, a cross-section of a root is shown 
in which the central cylinder is primarily attacked. This root was 
infected with Fusarium moniliforme. Figure 6 illustrates a later stage, 
after the stele has disintegrated. By this time the cortex is also thoroly 
permeated with mycelium. 

From the standpoint of injury to the roots, the latter type of attack 
is undoubtedly the more serious. It is true that the former may involve 
the whole root, or the actively absorbing part, and thus reduce its activ- 
ities materially, but very often only a portion of the root is involved. 
Such a root may be completely girdled and appear to be cut off, and 
yet the central cylinder may be intact and the vascular elements may be 
functional. Lateral rootlets may even be sent out from the stele, 
through such diseased cortices, showing that it is alive and functioning. 

Very evidently the closely-packed cells of the endodermis and their 
thickened inner walls form a natural barrier against the invasion of 
many fungi into the central cylinder. The structure and arrangement 
of the cells of the pericycle as well as those of the conjunctive paren- 
chyma present further barriers to the progress of the mycelium of cer- 
tain fungi. Percival (60) points out that in roots with decayed cortex, 
the endodermis, pericycle, and conjunctive parenchyma of the stele be- 
come very strongly sclerotic, while cells of the bast and xylem vessels 
preserve their normal character. Hence these roots would be all the 
more effectively protected against such decorticating fungi as Phoma sp., 
Helminthosporium spp., Alternaria spp., etc. This is probably one rea- 
son why these fungi cause less pronounced stunting of wheat seedlings 


than certain species of Fusarium, which are able to attack the central 


cylinder of the roots. 
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PHYSIOLOGICAL STUDIES OF ROOT-ROTTING ORGANISMS 
EFFECT OF TEMPERATURE ON GROWTH 


It is particularly important to know the reaction of root-rotting 
fungi to temperature. Soil temperatures may determine whether or 
not certain fungi will be able to develop in the soil and attack the roots. 
Dickson (17), for instance, using Gibberella saubineti, obtained severe 
blighting of wheat seedlings at soil temperatures of fiom 16-28° C., 
whereas no blighting occurred at soil temperatures below 12° C., very 
little at 32° C., and none at all at 36° C. He further states (18) that 
since the attack of the organism is chiefly on the young seedling, the 
range of temperature during the “nursing period” is undoubtedly the 
important factor in determining the severity of this stage of the disease. 

As\a preliminary step to soil temperature studies, it was considered 
advisable to determine first the effect of temperature on the growth of 
certain root-rotting organisms on culture media. Three fungi were 
chosen for study, namely, Fusarium moniliforme (Strain II); 
Fusarium sp., Elegans section (soil); and Helminthosporium M 
(Strain I). Petri dishes (10 cm. in diameter) were each poured with 
25 cc. of potato dextrose agar, and were inoculated at the center with 
bits of mycelium from single spore cultures of the different fungi. 
Duplicate plates of each fungus were then placed at several tempera- 
tures between 0 and 39° C. The relative growths at the different tem- 
peratures were measured by taking the mean diameters of the colonies 
on two different dates. The results of these experiments are presented 
in Tables XVII and XVIII, and also in Plate VII, Figure 2. 


TABLE XVII 
EFFEC! 2F TEMPERATURE ON GROWTH OF Two Spectres or Fusartum on Potato Dextrose AGAR 


Diameter of colonies, mm. 


Fusarium monilif orme Fusarium sp. Elegans 
Temperature Mean Strain IT section (Soil) 

range, temperature, Ca ee = 
degrees C. degrees C. 2 days 5 days 2 days 5 days 

0.0- 5.0 4.1 0) 0 0.0 0.0 

6.5-12.0 8.7 4 5 3.0 4.0 
12.5-14.0 12.9 10 21 14.0 24.0 
18.0-20.0 19.0 26 42 i 25.0 42.5 
21.5-23.0 22. 34 59 34.0 58.5 
26.5—-27.0 26.6 43 74 38.5 66.5 
29.0-30.0 29:6— 49 = 78 37.0 64.0 
32.0-33.0 32.2 37 58 7.5 28.0 
B510=35:5) 7 35-3 LL 14 3.0 3.0 
35-5-37.0 36.5 2 4 0.0 0.0 


37.0-39.0 38.0 ° ° - 0.9 0.0 
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TABLE XVIII 


Errect or TEMPERATURE ON GRowTH oF Helminthosporium M (Strain I) on Potato 
DExTROSE AGAR 


Temperature Mean Dia racter of colonies, mm. 
range, temperature, —- 
degrees C. degrees C, 4 Ges 6 days 
0,0=' 5,0 Bub 0.0 0.0 
6.5- 8.0 7.6 3.0 6.0 
13.0-15.0 13.9 15.0 22.0 
18.0-22.0 19.6 26.0 41.5 
21.5—-24.5 22.8 31.5 50.2 
26.0-28,0 27.0 37-5 Vv 
29.0-31.5 29.8 % 39.0 63.0 
31.5—-33-5 32.0 41.5 53-0 
35-0-35.5 35-3 7-0 BESS) 
36.0-37.0 36.9 7.0 Ths 
37.0-39.0 38.0 0.0 0.0 


The cardinal temperatures for growth of these three species of root- 
rotting fungi on potato dextrose agar are therefore approximately as 
follows : 


Minimum, Optimum, Maximum, 
degrees C. degrees C. degrees C. 
Fusarium moniliforme (Strain II)..... 6.5-12 29.0-30.0 35.5-37.0 
Fusarium sp. Elegans section (Soil)...  6.5-12 26.5-27.0 35.0-35.5 
Helminthosporium M. (Strain I)...... 6.5— 8 29.0-31.5 36.0-37.0 


All three species grow best at rather high temperatures. A distinct 
difference in growth reaction to temperature is shown by the two species 
of Fusarium. F. moniliforme will grow at considerably higher tem- 
peratures than Fusarium sp. (Compare especially their relative growth 
at 32.2°—Plate VII, Fig. 2.) Strain I of F. moniliforme was compared 
with Strain II at a series of temperatures corresponding to the above, 
but no differences could be detected between the behavior of the two 
strains at the different temperatures. \ 


SOIL TEMPERATURE EXPERIMENTS 

Four temperature tanks in the greenhouse kept at 15, 20, 25, and 
30° C., respectively, were used for these studies. Some fluctuation in 
temperature occurred, particularly in the 30° tank, but except for short 
periods the temperatures remained within a degree on either side of the 
readings indicated for the different tanks. 

The soil used was a garden loam which was mixed with sand in 
the proportion of two parts of soil to one of sand. This soil was steam 
sterilized and mixed with water, so that it contained approximately 
thirteen per cent of water by weight. New galvanized iron cans, made 
especially for the temperature tanks, were then filled with soil. Four 
cans for each tank were used. The soil in three of these was inocu- 
lated, each with a different organism, while the fourth served as a 
check. The same organisms were used as in the previous temperature 
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‘relation studies. The inoculum was mixed in the layer of soil in which 
the seed was planted. Fifty seeds of Marquis wheat per can were 
planted, and then the weight of each can was recorded. The soil in 
the various cans was kept at a constant moisture content by weighing 
the cans frequently and keeping the weights constant by adding water. 
Weighings were made every three days and in the intervals graduated 
quanti‘ies of water were added according to the amount of evaporation 
from the soils in the different tanks. Notes were taken at the end of a 
month. The results are summarized in Table XIX. 


TABLE XIX 


RELATION oF SoI~t TEMPERATURE TO SEEDLING INJURY CAUSED BY THREE Spectres or Roor 
Rottrine Func1 


Control FE. Moniliforme II — ar 
Seedling survival, Total dry Seedling survival, Total dry 
___ Temperatures, degrees C. _ per cent weight, gms. a per cent weight, gms, 
14-16 (15.7)* 98 3.86 78 1.91 
19-21 (20.5) 95 3.80 78 2.25 
24-26 (25.3) 96 4.29 80 2a 
29-31 (30.3) 92 3.09 66 152 
Fusarium, Elegans section (Soil) Helminthosporium M. I 


Seedling survival, Total dry Seedling survival, Total dry 


Temperatures, degrees C. per cent weight, gms. per cent weight, gms. 
14-16 (15.7)* 6 0.07 Loe 2198) 
19-21 (20.5) 4 0.01 80 3.14 
24-26 (25.3) 2 0.03 60 2.54 
29-31 (30.3) 8 0.31 58 1.79 


* Mean’ temperatures. 


Altho these experiments should be repeated several times to be con- 
clusive, it so happened that in this series the greatest injury resulted 
at the temperatures nearest the optimum for the growth of each fungus, 
i.e., at 30° for F. moniliforme and Helminthosporium M, and at 25° 
for Fusarium sp. It may be, however, that the effect of temperature 
on the host was more important than the effect on the fungi. Dickson 
(18), for instance, obtained similar results in his work on the seedling 
blight of wheat caused by Gibberella saubinetii, but the reverse with 
the seedling blight of corn caused by the same organism. His experi- 
ments and those of Eckerson and Dickson (21) lead to the conclusion 
that the plants are blighted most severely at temperatures which serve 
best to predispose the respective plants to disease, i.e., relatively high 
temperatures for wheat and low temperatures for corn. Soil moisture 
(18) also was found important. Low soil moistures predisposed wheat 
seedlings to blight even at low soil temperatures. 
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EFFECT OF HYDROGEN-ION CONCENTRATION ON GROWTH 


Czapek’s solution, in small Erlenmeyer flasks, was adjusted to dif- 
ferent hydrogen-ion concentrations by adding varying quantities of 
N/5 HCl and N/20 NaOH. The titration data and method of pro- 
cediae of Karrer and Webb (40) were followed. The pH readings 
were first made roughly by the colorimetric method, as given by Clark 
(14), then final determinations were made by means of a potentiometer. 
Duplicate flasks of each pH were inoculated with each of the three 
fungi used in the temperature relation studies. This was accomplished 
with the Fusarium cultures by introducing 1/10 cc. of a spore suspen- 
sion of each in sterile distilled water into the different flasks, while 
with Helminthosporium M a small bit of mycelium was introduced into 
each flask of the series. After Helminthosporimm M had grown for 
eleven days, and the Fusarium spp. for twenty days at room temperature, 
the mycelial mats were turned out on weighed filter papers in Biichner 
filters. These were then dried in a gas oven and the dry weights of 
the mycelial mats were determined. Results are given in Table XX. 


TABLE XX 


Errect or HyproGen-Ion ConCENTRATION ON GRowTH oF THREE Root-RorTinGc Funai on 
CzaPEK’s SOLUTION 


Dry weights of mycelial mats, mg. 


Fusarium Fusarium sp. Helminthosporium M 
Initial pH 3 moniliforme Strain IT Elegans section (Soil) Strain 1 
1.9 ; 120 +e rd 25 
2.8 53 57 317 
4.4 iV 79 321 
HS, 54 92 327 
7.0 108 123 277 
8.0 106 140 261 
8.5 150 118 247 
93 54 110 206 


In general the two species of Fusarium grew, best on an alkaline 
medium. The reason for the comparatively heavy growth of F. monili- 
forme on the most acid medium has not been accounted for. The other 
fungi made scarcely any growth at this extreme acid concentration. 
Felminthosporium M grew well throughout the range except in the . 
most acid concentration. Best growth, however, was obtained on the 
acid side of the neutral point. 


TOXICITY STUDIES 
An attempt was made to determine whether the injurious effects on | 
wheat seedlings of certain pathogenic species of Fusarium might not 
be due in part to toxic substances either excreted by the fungi or re- 
sulting from their growth on culture medium used in the production of 
inoculum for soil inoculation studies. 
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Brandes (to) made somewhat similar experiments and concluded 
that the wilting of bananas caused by Fusarium cubense EK. F. Smith 
amended E. W. Brandes, was not due to the plugging of the vessels 
by the mycelium but probably resulted from toxic excretions by the 
fungus. Bisby (4) tested the ability of the filtrates of cultures of sev- 
eral fungi, including Fusariwm spp., Rhizopus, Rhizoctonia, and 
Penicillium, to wilt leaves of potato, ragweed, and other plants. Wilt- 
ing occurred in a few hours in most cases but was more rapid in old 
solutions. 

The writer grew different species of Fusarium on sterilized wheat 
seed and on Uschinsky’s solution. Using the former medium, cultures 
were grown in 250 cc. Erlenmeyer flasks containing equal quantities 
of the medium. With the latter medium, cultures were grown on 
250 cc. of the solution in one-liter Erlenmeyer flasks. When the cul- 
tures were well developed they were placed in clean porcelain dishes 
and frozen over night. To each of the wheat cultures 100 cc. of dis- 
tilled water was added before freezing. They were then thawed and 
Strained through cheese-cloth. The liquid was pressed out of the solid 
matter by hand, after which the extracts were filtered through filter 
paper. Bean plants were cut off under water and placed immediately 
in small vials of the different extracts and watched for signs of wilting. 
Wilting was more pronounced and occurred more rapidly with beans 
than with wheat seedlings. Hence beans were used in these experi- 
ments. It was thought that wilting fight result from high osmotic 
pressures. Osmotic pressures of some of the extracts were therefore 
determined by the freezing point method, using the Beckman apparatus 
to determine the freezing points, and the table of Harris and Gortner 
(29) to calculate the osmotic pressures. The results are summarized in 
Table XXI. 

The results indicate that the different pathogenic species of Fusarium 
produce deleterious substances which are not present in the media alone 
or in distilled water. A few tests with non-pathogenic species, however, 
gave similar results. Growth of the fungi on wheat seed medium in- 
creased the osmotic pressure of the extracts, but the increased osmotic 
pressure did not seem to cause the wilting, for Uschinsky’s solution 
culture extracts gave higher-osmotic pressures but were much less effec- 
tive in causing wilting, possibly because the toxins were more dilute. 
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TABLE XXI 
Errect or Exrracts oF Frozen Fusarium CuttuREes on Excisep Bran PuantTs 
~O.P.of Age of 


Fungus Medium extract in culture, Notes on wilting 
atmospheres days 


2% hours, moderate 


Fusarium moniliforme Wheat seed 2.676 42 wilting 

2% hours, pro- 4 
Gibberella saubinetii a 1.978 42 nounced wilting 
Fusarium sp. (Pathogenic) ne 4.435 2 do o 
Check (Wheat seed extract) : sS “0.109 42 2% hours, none 
Check (Distilled water) Re Hee Ae do 


2 hours, moderate 
wilting. 12 hours, 


Fusarium moniliforme ays Wheat seed eagibe 30 pronounced wilting 
2 hours, moderate 

Fusarium sp. wilting. 12 hours, 

(Non-pathogenic) & ese 30 pronounced wilting 


2 hours, none, 
Check (Distilled water) ae arti ta 30 12 hours, none 


2 hours, moderate 
wilting. 24 hours, 
Fusarium moniliforme Wheat seed S636 37 pronounced wilting 


2 hours, moderate 
wilting. 24 hours, 
Gibberella saubinetii “4 4.279 37 pronounced wilting 


2 hours, moderate 
wilting. 24 hours, 


Fusarium sp. (Pathogenic) es 4.399 37 pronounced wilting 
% 2 hours, none, 
Check (Distilled water) Si mses Wes 24 hours, none 
* 2 hours, none, 
Uschinsky’s 24 hours, moderate 
Fusarium moniliforme ‘solution 6.049 28 wilting 


2 hours, none, 
24 hours, moderate 
Gibberella saubinetii og 5-904 28 wilting 


2 hours, none, 
24 hours, moderate 


Fusarium sp. (Pathogenic) f 7,268 28 wilting , 
Check (Uschinsky’s ‘ 2 hours, none, 
solution) os 6.049 ate 24 hours, none 


2 
2 hours, none, 
Check (Distilled water) ai nerhere an 24 hours, none 


SOIL STERILIZATION “EXPERIMENTS 


If poor growth and reduced yields of wheat on certain soils are 
due to root-rotting fungi, then thoro sterilization of seed and soil 
should restore productiveness. Field observations on continuously 
cropped and rotated wheat plots of the agronomy division,’? Univer- 
sity Farm, St. Paul, were made. Most of the stunted and unthrifty. 
plants on the continuous-wheat plots were affected with root- and 
foot-rot, while there was a much lower percentage of diseased plants 
on the rotation plots. This is indicated by Table XXII, in which fifty 


plants selected at random on July 17, 1922, from a continuous wheat 


2 The writer is indebted to Professor A. C. Arny for soil samples and permission to 
use data from these plots. 
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plot, are compared with fifty from a five-year rotation plot. The plants 
were brought to the laboratory and washed free of soil and then ex- 
amined. The notes cover only a very small proportion of the root 
systems, as only the upper 3 to 4 inches was examined. 


TABLE XXII 
Comparison OF AmouNT OF Foot- ann Root-Rot on Marquis WuHeat GRowNn 
CONTINUOUSLY AND IN RorTaTION 


Foot-rot Root-rot 
i — Av. No. Total 
Cropping system Percent Peéricent of stools Mean dry 
of plants of roots Severity* per height, weight, 
diseased diseased plant cms. gms. 
Continuous wheat since 
Sloe) J ay apohct Gap SICSO LIOR 58 50 43 jes 52 22.5 
Five-year rotation 
(wheat, pasture, cloy- 
BieMOALS, (COMM 5.6 2... 20 22 24 1.8 122 181.0 


* Severity was estimated arbitrarily by allowing roo points for very heavy infection, 
75 for heavy, 50 for moderate, 25 for light, 5 for trace, and o for normal roots. The estimates 
for the 50 plants were then totalled, and the percentage which this figure represented of the total 
possible severity (5000) was calculated. 


Plate X, Figure 2 (A and C) shows the comparative growth of 
wheat on these two plots in the field; and Figure 1, the beneficial effect 
of steam sterilization on the growth of wheat seedlings on the con- 
tinuous-wheat plot soil. Steam sterilization not only controlled root- 
rot but also increased the vigor of the seedlings very markedly. It is 
realized, however, that soil sterilization with steam produces marked 
changes in the chemical and biological content of the soil, as pointed 
out by Johnson (39), Russel (64), and others. How much of the 
increased vigor of the wheat seedlings is due to root-rot control and 
how much to other changes resulting from sterilization is difficult to 
say, but the former undoubtedly is important. In subsequent soil 
sterilization experiments, formalin was used as a disinfectant instead 
of steam, as it was considered that it would cause less pronounced 
changes in the composition of the soil. A 1 to 50 formalin solution 
as recommended by Johnson (39) was used. 

Experiments were undertaken to determine the relative effective- 
ness of soil sterilization on fertilized and unfertilized soils, some of 
which had borne wheat continuously for several years, others which 
had never been cropped to wheat, and others on which wheat had beer 
sown only once in every three or five years. Fertilizers were applied 
in order to overcome any plant food deficiency in these soils. A liberal 
quantity of lime was used in order to render the soils somewhat 
alkaline. The following fertilizer was applied to two of the series, one 
of which was also sterilized: Ground limestone at the rate of 3 tons 
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per acre; treble superphosphate, 250 pounds per acre; potassium 
chloride, 250 pounds per acre; nitrate of soda, 125 pounds per acre; 
and dried blood, 125 pounds per acre. Sterilization was accomplished 
by standing pots of soil in a I to 50 formaldehyde solution in closed 
chambers over night. Unsterilized series were kept in water for the 
same length of time. The soils were then allowed to dry until the 
fumes of formaldehyde disappeared from the sterilized soil. Two- 
quart earthenware jars were then filled with the different soils and 
thirty seeds of sterilized Marquis wheat per pot were planted. The 
seedlings were later thinned to twenty per pot in order to have a uni- 
form number of plants in the different pots. All pots received equal 
amounts of water and their positions in the greenhouses were changed 
at intervals in order to give them similar conditions as regards light 
and other factors. The results of these experiments are summarized 
in Tables XXIII and XXIV. 

Sterilization of the unfertilized soils in the experiment, summarized 
in Table XXIII, caused an increased growth over the untreated soil in 
every case, but this was most pronounced in No. 1. Sterilization and 
fertilization combined gave the maximum growth in No. 2 and No. 3 
but the results in No. 1 were inconclusive, as the tops of the plants 
were partly destroyed by mice during the experiment. The application 
of fertilizers alone, as judged by the total dry weight of the tops, was 
somewhat less effective in increasing growth than sterilization in No. 1 
and No. 2, but was more effective on the virgin soil. 


TABLE XXIII 


EFrrect oF FORMALDEHYDE STELILIZATION OF FERTILIZED AND UNFERTILIZED WHEAT SOILS ON 
THE GRowTH oF Marguis WHEAT 


Growth Soil treatment 
Measurements Fertilized and 
No.* Soil after 32 days No treatment Sterilized __ Fertilized sterilized 
I Continuous- Mean height, cms: 39.70 52.30 53.20 53.107 
wheat soil Dry weight, gms. 1.82 2.78 : 2.62 2.30T 
2 Five-year Mean height, cms. 49.30 53.30 55.20 55.50 
rotation soil Dry weight, gms. 2.86 3.07 ‘ 2.51 3.36 
3 Virgin Mean height, cms. 44.30 48.60 50.00 53-90 
soil Drv weight, gms. 1.94 ES 2.40 aunt 


* yz In wheat since 1893. 


2 Wheat, clover, pasture, oats, corn. 
3 From forestry plantation near the continuous-wheat plot. 
7 Tops attacked by mice. 


Another similar experiment was made. In this experiment, how- 
ever, a three-year rotation soil replaced the virgin soil and careful notes 
were taken on the relative severity of root- and foot-rots in the different 
series. The reaction of the soil was also determined at the conclusion 
of the experiment. The figures, except those for dry weights in 
Table XXIV, represent average results from four pots for each of the 
different treatments. 
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In this experiment there was very little difference in growth be- 
tween seedlings on the different soils in the untreated series. In the 
field, however, there were marked differences on these three soils 
(Plate X, Fig. 2). Soil sterilization, with formalin not only reduced 
the amount of root- and foot-rot in all the soils to a negligible amount, 
but also caused increased growth of the plants in every case and seemed 
to increase slightly the acidity of the soil. It is possible that in the 
field the continuous-wheat soil would be benefited much more than the 
rotation soils by soil sterilization. Soil fertilization with a liberal applica- 
ton of lime changed the soil reactions from acid to alkaline but did not 
materially reduce the amount of root-rot in this experiment. “It did. 
result in increased growth but was not as beneficial as soil sterilization. 
On soils which had been sterilized and fertilized, the plants grew best, 
and there was little foot- and root-rot. While it is obviously not pos- 
sible to sterilize soil in any extensive way in the field, it is possible to 
practise crop rotation and in this way, perhaps, accomplish the equiva- 
lent of a partial sterilization. This, accompanied by the application of 
suitable fertilizers, particularly phosphorus and lime to soils requiring 
these chemicals, should materially aid in controlling root-rots. 


OVERWINTERING STUDIES 


One of the most important points to determine concerning the life 
history of root-rotting fungi is their method of. overwintering. It is 
generally known that several overwinter in or on the seed, and it is 
frequently said that some also overwinter in the soil, on old stubble 
and other debris, but many such statements seem to be based mostly 
on observational evidence. Thus, with respect to Fusarium monili- 
forme, Sheldon (69) states that it probably overwinters in the soil; 
Valleau (84) says that “no evidence has yet been obtained as to the 
ability of F. moniliforme to live over winter in the soil”; while Manns 
and Adams (48) bel’eve that certain corn parasites, including F. mo- 
niliforme, live over from season to season on cornstalks, roots, and 
ears lying in the field. 

The writer selected cultures for overwintering studies and grew 
them on sterilized wheat seed in small flasks, as well as on sterilized 
wheat straw in large test-tubes. On both media the fungi grew well, 
and most of them sporulated abundantly. Several 4-inch pots of soil 
were sterilized by steam, and a wheat seed culture of each fungus was 
added to each pot, about one inch below the surface of the soil. On 
November 9, 1922, these pots were placed outside and partly sunk in 
the soil. The straw cultures were placed in the refrigerator on, De- 
cember 2, and on December 10 were taken out and bound separately 
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in small packets, using ordinary window screening as a covering. 
They were then stuck in the surface of the soil, outside, near the 
greenhouse. On April 4 and 5, 1923, viability tests were made. 

An attempt was made to recover pure cultures of the different 
fungi from the original, over-wintered material; spore germination 
tests were made to see if the over-wintered spores were still viable. 
The procedure was as follows: In making re-isolations from the soil, 
a bit of the original culture of each fungus was removed from the 
soil with a sterilized platinum needle and transferred to a tube of 
sterile distilled water. After being washed in this for a few minutes, 
it was transferred to the center of a plate of acidified potato dextrose 
agar. ‘The washings, as a rule, contained an abundance of spores, and 
these were tested for germination in syracuse dishes. -On the other 
hand, pieces of the original straw cultures were scraped with a sterilized 
knife and the scrapings placed on the surface of sterile distilled water 
in syracuse dishes for spore germination studies. Sections of straw 
from the different cultures were also placed on moist, sterilized filter 
paper, in sterilized petri dishes. If, after several days, the fungi were 
sporulating on the filter paper some distance from the straw, the trials 
were considered positive. 

The results are summarized in Table XXV and are rather interest- 
ing. Practically pure cultures of the various fungi were recovered in 
every instance from the media overwintered in the soil. Moreover, typi- 
cal spores were produced by all the colonies except those of Gibberella 
saubinetu and Fusarium sp., but the colonies of these fungi were readily 
recognized, so that there was practically no doubt of their identity. The 
germinating spores of the different species of Helminthosporium and 
those of Stemphylium could, of course, not be mistaken, but those 
of the Fusarium spp. were less readily identified. The spores of three 
of the Helminthosporia germinated, but those of Helminthosporium N 
did not. Christensen (13) found that the mycelium of AH. sativum 
over-wintered in the open at St. Paul, but none of the spores germi- 
nated. In these tests, however, a comparatively high percentage of the 
spores of H. sativum over-wintered. The tests with the straw cultures 
gave similar results except that the recovery of G. saubinetii and 
Fusarium sp. was not conclusive, as they were not readily identified on 
the filter paper medium. Helminthosporium N and Stemphylium pard- 
siticum were not included in these tests. 

In general, the results indicate that the mycelium of all the fungi 
tested and the spores of some readily over-winter on debris in the soil 
or on its surface. 
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TABLE XXV 
SuMMARY oF OVER-WINTERING STUDIES 
Kept over winter in soil Kept over winter on straw 
Spore Spore 
Fungus Re-isolation germination, Re-isolation germination, 
in culture | per cent in culture per cent 
Fusarium moniliforme Strain I ..... +* (?) aby +* (?)ab7 
Fusarium moniliforme Strain II + a 
Gibberella ssaubimetit. .t20 1. -u ae se + (?)abt ? 
Fusarium sp. (Elegans section)...... + in 
Helminthosporium sativum ......... + 64 + 84 
Helminthosporium'N 3.0.20. ceee es es — Co} 
Helminthosporium M Strain I ..... Se 96 + 50 
Helminthosporium M Strain IV .... a a 
Helminthosporium pedicellatum ..... + 4 + 16 
Stemphylium parasiticum ........... + 100 
* Typical cultures of the fungus were recovered. 
+ ab=abundant. 
CONCLUSIONS 


Altho most of the fungi tested were not virulent root parasites, 
those that were parasitic were sufficiently destructive and widely dis- 
tributed that the results lend further support to Bolley’s contention that 
such fungi contribute materially to the deterioration of wheat yields. 
While we are not justified in saying that root-rotting fungi are the only 
cause of reduced wheat yields on land more or less constantly cropped 
to wheat, we can at least say that they constitute an important contribut- 
ing factor in this*reduction. 

The old theory of De Candolle that toxic excreta of plant roots are 
responsible for unproductiveness has little evidence to support it accord- 
ing to Russel (64, 65) and Livingston (46), but more recent evidence 
on soil toxins has thrown new light on the cause of unproductive soils 
(5, 33, 83). The presence of available deleterious aluminum and iron 
salts in certain soils may be important in predisposing wheat plants to 
root-rot, as has been shown by Hoffer for corn. The precipitation of 
these injurious salts by the application of phosphates and lime may ex- 
plain in part the beneficial action (8) of these fertilizers on certain 
“wheat-sick” soils. 

The fact that root-rotting organisms such as Gibberella saubinetii, 
FHelminthosporium sativum, and Fusarium moniliforme, live over winter 
in and on the seed and as saprophytes on plant remains in and on the 
surface of the soil, and that they are intercrop parasites, make the con- 
trol of root-rots a difficult problem.’ Dickson (18), Dosdall (19), 
Hoffer (83), and others have pointed out, however, that maximum 
damage from these pathogenes results when conditions for host develop- 
ment are unfavorable. Until resistant varieties can be developed, con- 
trol measures must consist in providing as nearly optimum conditions 
as possible for host development, combined with such general preventive 
measures as seed treatment, crop rotation, and field sanitation. 
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SUMMARY 


1. A study was made of the relation of fungi to root-rots of wheat. 

2. Cultures of fungi were isolated for pathogenicity studies from 
many sources, but chiefly from wheat seeds, from “wheat sick” soil, and 
from the underground parts of the wheat plant. 

3. Species of fungi representing between fifteen and twenty genera 
were isolated from wheat seeds. Alternaria was the most common 
fungus on the seeds. Several pathogenic species of fungi were obtained. 

4. The fungi of black-pointed seeds were studied in particular. 
Helminthosporium sativum was the most common cause of black-point. 
It was proved by inoculation studies, however, that two other members 
of this genus, designated in the text as Helminthosporiuan N and 
Helminthosporium M, as well as Stemphylium parasiticum can also 
cause black-point. 

5. Most of the fungi obtained directly from the soil were non- 
pathogenic, but a few pathogenes were isolated. 

6. Several pathogenes were isolated from the underground parts of 
the wheat plant, and a few were obtained from other sources. 

7. In preliminary pathogenicity studies in the laboratory, 76 out 
of 301 cultures tested were marked pathogenic, but many of these were 
duplicates of the same species. 

8. Extensive pathogenicity studies in the greenhouse demonstrated 
that the important pathogenes of wheat roots encountered in these 
studies belong to the genera Fusarium and Helminthosporium. Some 
species of these genera, however, were also non-pathogenic or weak 
pathogenes. Certain strains of Alternaria, Phoma, Acrostalagmus, and 
Aspergillus penetrated the roots or caused deformities of them, but it 
was not considered that they would be destructive in the field. Species 
representing twenty-one other genera were non-pathogenic. 

g. Among the Fusaria, F. graminearum (Gibberella saubinetii) was 
the most virulent pathogene of any tested. Certain strains of Fusarium 
moniliforme and two species of the Elegans section, tho less destructive, 
were also decidedly parasitic on wheat roots. The strain of FP. culmorum 
used, apparently had lost its virulence. The other Fusaria tested, in- 
cluding F. lini, F. betae, and numerous unidentified species, were non- 
pathogenic or only slightly pathogenic. 

10. Fusarium moniliforme in addition to wheat also attacked barley, 
rye, oats, and corn. Four strains of the fungus were studied. One of 
these, Strain [V, was much less destructive to wheat seedlings than the 
other three. It could also be distinguishd from them by its reaction 
on different media. The other strains were much alike, altho Strain I 
differed slightly from Strains IT and III. 

| 
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11. Helminthosporium sativum was in general the most common 
and the most destructive species of Helminthosporium found. At least 
three other species of Helminthosporium were isolated from wheat. 

12. The species of Helminthosporium designated Helminthosporium 
N has conidia which are significantly narrower than those of H. sativum. — 
This organism produced symptoms similar to those caused by H. sativum 
on different parts of the wheat plant, including the roots, but it was 
much less virulent. 

13. Several similar small-spored Helminthosporia were isolated. 
Four strains, three from wheat seed and one from a millet leaf, were 
studied. Two of these were destructive pathogenes, and attacked dif- 
ferent parts of the wheat plant besides the roots, while the other two 
were much weaker pathogenes. The four strains were readily dis- 
tinguished by cultural characters and differences in pathogenicity. 
Significant differences in the morphology of their spores were shown 
by biometrical studies. At least three elementary species, or perhaps 
true species, were represented. 

14. A new species of Helminthosporium, H. pedicellatum n sp., is 
described. It was isolated from diseased wheat roots and when these 
were artificially inoculated .the cortex was penetrated but the injury was 
slight. 

15. Most fungi attacked the piliferous and cortical regions of the 
root only. The structure and arrangement of the endodermal cells 
seemed to constitute an effective barrier against the entrance of these 
fungi into the stele. However, several species of Fusarium attacked 
the central cylinder primarily, and caused disintegration of the cell walls. 

16. The seedling stage ot the wheat plant is undoubtedly a critical 
period in its life from the standpoint of root-rots. The seminal roots 
seem particularly susceptible to attack while the adventitious roots seem 
somewhat more resistant. 

17. Fusarium moniliforme Strain II and Helminthosporium M, 
Strain I, grew best at about 30° C., whereas Fusarium sp. (Elegans 
section) had a slightly lower optimum. Two strains of F. moniliforme, 
one from seed and the other from soil, showed approximately the same 
reaction to different temperatures. 

18. F. moniliforme Strain Il and Helminthosporium M Strain I, 
and Fusarium sp. (Elegans section) in one experiment were more de- 
structive to wheat seedlings at a soil temperature nearest their respective 
optimum temperatures for vegetative growth, than at other temperatures 
between 15 and 30° C. 

19. On Czapek’s solution, F. moniliforme Strain II and Fusarium Sp. 
(Elegans section) grew best when the medium was somewhat alkaline 
(pH 7 to 8.5), while Helminthosporium M Strain I, grew best on the 
acid side of the neutral point (pH 2.8 to 5.5). 
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20. Extracts of frozen cultures of pathogenic and non-pathogenic 
species of Fusarium caused wilting of excised bean plants, whereas no 
wilting occurred during the experiment in the medium alone (Uschin- 
sky’s solution) or in extracts of the medium (wheat seed) or in dis- 
tilled water. Wilting apparently was not due to high osmotic pressure 
of the extracts. 

21. Formaldehyde disinfection of soils which had been cropped to 
wheat for different periods of time caused increased growth of wheat 
seedlings over those on untreated soils in all cases, In one experiment 
this increase was most pronounced on a continuous wheat soil, as com- 
pared with a virgin soil and a five-year rotation soil. Increased growth 
was accompanied by root-rot control. The application of fertilizers, in- 
cluding the liberal use of lime, also caused marked increase in growth 
but was less effective than soil sterilization in controlling root-rot. 
Wheat plants grew best on soil which had been disinfected and fertilized. 
In farming practice the rotation of unrelated crops probably offers. the 
best substitute for soil sterilization. 

22. Cultures of Fusarium moniliforme, Gibberrella saubinetii, Fu- 
sarium sp. (Elegans section), Helminthosporium sativum, Helinintho- 
spormum N, Helminthosporium M, Helminthosporium  pedicellatum, 
and Stemphylium parasiticum were recovered from inoculum of 
each on wheat seed over-wintered under the soil surface from Novem- 
ber 9, 1922, to April 4 and 5, 1923, at St. Paul. The over-wintered 
spores of H. sativum, Helminthosporium M, H. pedicellatum, and 
Stemphylium parasiticum germinated. Several of these fungi also 
over-wintered on straw kept on the surface of the soil. 
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EXPLANATION OF PLATES 
Plate I 


Effect of Inoculating Marquis Wheat Seedlings with Fusarium spp. Llustrating 


Method Used in Preliminary Pathogenicity Studies 
Photograph taken one month after inoculation 
1. Inoculated with Fusarium moniliforme Strain I] from the soil 
2. Inoculated with Fusarium moniliforme Strain I from wheat seed 
3. Inoculated with Fusarium graminearum (Gibberella saubinetii) from wheat 
roots : 


4. Uninoculated—Control 


5. Inoculated with Fusarium graminearum from wheat seed 
6. Inoculated with Fusarium graminearum from wheat roots 
7. Inoculated with Fusarium graminearum from wheat roots 


Plate II 


Fig. 1. Black-Point of Wheat Caused by Different Fungi 
A. Marquis seeds from head inoculated with Helminthosporimm sativum 
B. Left—Marquis seeds from head inoculated with Helminthosporium M 
Right—Kubanka seeds from head inoculated with Helminthosporium M 
C. Marquis seeds from head inoculated with Stemphyliwn parasiticum 
The two upperssrows of kernels are from inoculated heads and show 
embryo discoloration. The two lower rows are from uninoculated heads and 
show normal embryos. 
Fig. 2. Three minute black sclerotium-like bodies on wheat roots collected 
in the field at St. Paul 


Plate III 


‘ 


Effect on Growth of Marquis Wheat Seedlings of Soil Inoculation with 
Fusarium moniliforme 
Fig. 1. Comparison of the relative virulence of Strains IV and III. All pots 
were planted at the same time, and all inoculated pots received approxi- 
mately equal quantities of inoculum 
A. Soil inoculated with Strain TV 
B. Soil uninoculated—no medium added to soil—control 
C. Soil inoculated with Strain III 
Fig. 2. Typical series used in pathogenicity tests in the greenhouse 
A. Soil uninoculated—culture medium added to soil—control 
B. Soil inoculated with F. moniliforme Strain I 
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Plate IV 


* Effect on Roots and Tops of Marquis Wheat Seedlings of Soil Inocu‘ation with 
Two Strains of Fusarium moniliforme 
Photograph taken one month after planting 
1. Seedlings from soil inoculated with Strain I 
2. Seedlings from uninoculated soil (medium added) —control 
3. Seedlings from soil inoculated with Strain I) 


Plate V 


Effect on Different Cerea!s of Soil Inoculation with Fusariwm moniliforme Strain I 
Fig. 1. A. Effect on wheat—left to right—control (no medium added to soil) 
two pots of inoculated soil, control (medium added to soil) 
B. Effect on rye—left to right—as in A 
Fig. 2, A. Effect on barley—left to right—as in Fig. 1, A 
B. Effect on oats—left to right—as in Fig. 1, A 
A. Effect on field corn—left to right—control (no medium added 
to soil), control (medium added to soil), two pots of inoculated 
soil 
B. Effect on sweet corn—left to right—two pots of inoculated soil, 
control (no medium added), control (medium added to soil) 
Fig. 4. Comparative virulence of different fungi on Minhardi wheat 
The different pots received approximately equal quantities of inoculum 
and were each sown with twenty seeds of Minhardi wheat. Photograph taken 
12 days after planting. 
Soil inoculated with Gibberella saubinetii from wheat seed. 
Soil inoculated with Fusariwm sp., Elegans section, from wheat roots 
Soil inoculated with Gibberella saubinetui from wheat roots 
Soil inoculated with Fusarium moniliforme Strain Il from the soil 
Soil inoculated with Fusarium moniliforme Strain I from wheat seed 
Soil inoculated with Helminthosporium M Strain 1V from millet leaf 
Soil inoculated with Helminthosporium sativum from wheat seed 
Soil inoculated with Helminthosporium pedicellatum from wheat roots 
. Soil inoculated with Stemphylium parasiticum from wheat seed 
. Uninoculated—control 


Fig. 3. 
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Plate VI 


Comparison of Cultural Characters of Strains I, IJ, III, and 1V of Helmintho- 
sporium M on Three Different Media: Oat Agar (left), Czapek’s 
‘Agar (center), and Potato Dextrose Agar (right) 


Plate VII 


Fig. 1. Effect of soil inoculation with Helminthosporium M Strain I on tops 
and roots of Marquis wheat seedlings 
A. Grown in inoculated soil 
B. Grown in uninoculated soil 

Fig. 2. Effect of temperature on vegetative growth of two species of Fusarium 
on potato dextrose agar 
A. Fusarium sp. (Elegans section) 
B. Fusarium monilif orme 
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Plate VIII 


Fig. 1. Effect of soil inoculation with four strains of Helminthosporimm M, 
on Kanred wheat. All pots were planted at the same time and all the 
inoculated pots received approximately equal quantities of inoculum. 

A. Left, soil inoculated with Strain II 
Right, soil inoculated with Strain III 

B. Soil uninoculated—control 

C. Left, soil inoculated with Strain IV 
Right, soil inoculated with Strain I 

Fig. 2. Effect of soil inoculation with Acrostalagmus sp. on een wheat 
roots. All three seedlings were taken from the same pot. The roots of 
the two outer seedlings showed marked stunting, hypertrophy, and other 
deformities. Their roots were also rotted, but chiefly at the tips. The 
roots of the central seedling, however, were more typical of the majority 
of the plants in the inoculated pots. 


Plate IX 


Photomicrographs of Cross-Sections of Seminal Roots of Marquis Wheat 
Attacked by Different Fungi 

Fig. 1. Cross-section of a root, showing the mycelium of Phoma sp. confined 
to the cortex 

Fig. 2. Cross-section of another root attacked by Phoma sp., showing the 
abundant production of chlamydospores by the mycelium in the cortex 

Figs. 3 and 4. Sections of two seminal roots, showing the invasion of the 
mycelium of Helminthosporium M as far as the endodermis. A few of 
the endodermal cells have been entered but the stele has not been attacked. 

Fig. 5. Cross-section of a root attacked by Fusariwn moniliforme. The 
mycelium of the fungus is very plentiful in the cells of the central cylinder 
and the walls of these cells have commenced to decay. The cortex is 
much less severely attacked. 

Fig. 6. Cross-section of another root attacked by Fusariwn moniliforme. 
The stele has disintegrated and the cavity is filled with mycelium. In 
this stage of decay the cortex is also thoroly invaded with mycelium 
but the cells have not entirely broken down. 


Plate X 


‘ 


Fig. 1. Effect of steam sterilization of a ‘wheat sick” soil on the growth of 
Marquis wheat seedlings” ‘ 
This soil had borne wheat continuously since 1893 except for 1915 and 
1916, when it was planted to corn. 
A. Seedlings grown on steam sterilized soil 
B. Seedlings grown on unsterilized’ soil 
Ten seeds were planted in both A and B. 
Fig. 2. Relative growth of Marquis wheat under different systems of rotation 
A. Fifty plants selected at random from a five-year rotation plot 
B. Fifty plants selected at random from a three-year rotation plot 
C. Fifty plants selected at random from a plot which had been in wheat 
continuously since 1893, except in 1915 and 1016. 
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Plate XI 


Conidia and Conidiophores of Different Species of Helminthosporium Isolated 
from Wheat 

All drawings were made with the aid of a camera lucida, to the scale 

indicated on the plate. 

1. Three conidia of Helminthosporium sativin 

. Four conidia of Helminthosportum M Strain I 

. Three conidia of Helminthosporium N showing one still attached to a 

conidiophore 

. Conidia, germinating conidia, and conidiophores of Helminthosporiwm 

pedicellatum 


a 


a 


Plate XII 


ar eee 


eke of Helminthosporium M, Strain I and Stemphylium parasiticwn 
, Illustrating Conidial and Conidiophore Germination 

All drawings were made with the aid of a camera lucida, to the scales indi- 
cated on the plate. 

rt. Germinating conidium of Helminthosporiwm M, showing rapidity of germ- 
tube growth. The figures are in minutes. The first germ-tube was visible 
in fifty minutes. 

2. Two germinating conidia of Helminthosporium M, showing typical ger- 
mination from the end cells of the spores 

3. A conidium of Helminthosporium M, showing one germ-tube coming from 
a central cell of the spore 

4. Germinating conidiophore of Helminthosporiwm M 

5. Conidiophores and attached conidia of Helminthosporium M 

6. Germinating conidia of Stemphylium parasiticum from wheat 

7. Conidia and conidiophores of Stemphylium parasiticum from wheat 

8. Germinating conidiophores of Stemphylium parasiticum from wheat 
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A STUDY OF THE PHYSIOLOGIC AND PATHOLOGIC 
CHANGES OCCURING IN THE REPRODUCTIVE ORGANS 
OF THE COW FOLLOWING PARTURITION 


By W. L. Boyp 


INTRODUCTION 


In pursuance of studies on the subject of sterility in cattle, data are 
being collected on the various changes which occur in the reproductive 
organs following parturition. Special attention is being given to the 
different processes involved in involution and subinvolution of the 
uterus. 

The animals from which data were collected were with few excep- 
tions purebred cows owned by the University. This made possible 
frequent and in many cases daily examinations. Treatment was not 
applied to cows which calved normally, unless symptoms of infection 
appeared during the process of involution. Cows affected with me- 
tritis, retention of the fetal membranes, trauma, or other diseased 
conditions frequently occurring incident to parturition, were given 
medical and surgical aid in order to preserve the reproductive powers. 
In cases in which the corpus luteum failed to undergo degeneration 
and thereby prevented renewed ovulation, the corpus luteum was re- 
moved in order to maintain at as high a point as possible, the breeding 
efficiency of the herds. The amount of time required for the comple- 
tion of involution varies considerably, depending largely upon the 
condition of the reproductive organs at the time of parturition. Cows 
which gave birth to strong vigorous calves and promptly expelled the 
fetal membranes, seldom suffered with infections which would retard 
involution. 

The uterus rapidly diminished in size and in many instances could 
be described as having returned to its normal non-gravid shape and 
position within from twelve to fourteen days; in other cows, in which 
there was mild infection, three weeks was required. Cows that re- 
tained the fetal membranes as a result of the Bang organism or other 
bacteria capable of producing similar lesions, together with secondary 
invaders, very often required from thirty to sixty days. 
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CHANGES OCCURRING IN THE VAGINA 


The vagina after parturition will often present a bruised edema- 
tous, hemorrhagic, and in certain cases of dystokia, lacerated appear- 
ance. The vagina as a rule quickly regains its muscular tonicity. The 
extravasated blood is absorbed in a week or ten days and unless there 
is extensive laceration with necrosis of the mucous membrane, the 
wounded areas are soon repaired. If the vagina is severely injured, 
necrosis usually follows. This often permits the invading bacteria to 
enter into the fibrous coat and even into the pelvic cavity, producing 
peri- and para-metritis with or without abscess formation. The vulva 
frequently contains blood suffusions, is edematous, and occasionally 
lacerated. This structure regains its normal tone in a few days. Cer- 
vicitis is of common occurrence following parturition and frequently 
inhibits involution, and if tissue damage is extensive the reproductive 
power of the animal may be destroyed. 


HYPERTROPHY OF THE VAGINAL WALLS 


This is frequently seen during the late stages of gestation, follow- 
ing parturition, and occasionally in unbred heifers. The wall of the 
vagina, 10 to I2 cm. anterior to the vulva, laterally and dorsally, 
becomes hyperplastic so that partial collapse of the vagina results, 
ordinarily seen only while the animal is recumbent. Severe inflam- 
matory changes in the post-parturient animal sometimes develop and 
result in more complete prolapse, induced by straining from the irri- 
tation. The condition is ordinarily successfully treated through 
surgical removal of the hyperplastic portion of the wall and the 
accumulated fat tissue in the pelvic cau. in close proximity to the 
fibrous coat of the vagina. 

Prolapse of the vagina is seen in cases other than from the Mesos: 
ment of hypertrophic walls. It is occasioned by advanced pregnancy, 
especially in fleshy animals, and from injuries following parturition. 
The prolapse is frequently not complete, and is visible only while the 
animal is lying down, but may be severe and complete. 


CHANGES IN THE OS UTERI 


The cervical canal closes very rapidly following parturition, the 
act being especially rapid when the fetal membranes are promptly 
discharged. Following normal calving, the cervix, within Io or 12 
hours will have contracted to the extent that there will be some 
difficulty in passing the hand through the canal into the uterine cavity. 
In cases of retained fetal membranes, contraction of the cervix is less 
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rapid, particularly if some of the membranes are in and protruding 
beyond the canal. The cervix is frequently more or less lacerated, 
hyperemic, hemorrhagic, and edematous. The mucous plug of preg- 
nancy which gives way at the beginning of parturition, clings tena- 
ciously to the walls of the canal and small portions of it will often be 
found attached for twenty-four to thirty-six hours after parturition. 


AGTION OF THE UTERUS FOLLOWING PARTURITION 


The changes occurring in the uterus after parturition are physio- 
logic, but they are close to the border line of pathology, and if they 
occurred elsewhere in the animal body they would be considered as 
pathologic. This explains the frequency and severity of infections if 
certain bacteria invade the uterine cavity. The rapid diminution of 
the uterus is brought about by absorption of the tissue juices and 
certain changes in the muscle fibers. Some authorities believe that 
the muscle cells undergo fatty changes, while others do not. Com- 
pression of the uterine blood vessels by the contraction of the uterus 
results in anemia, which permits of the changes mentioned. DeLee 
(3) in describing the changes occurring in the uterus of the human, 
states that thrombosis occurs in the walls of the deeper veins only in 
pathologic cases, but a superficial thrombosis is not abnormal. In one 
of the experimental animals which suffered with severe metroperi- 
tonitis, extensive thrombosis of the middle uterine artery was encoun- 
tered. The affected vessel was without difficulty palpated by way of 
the rectum. In another animal an aneurism of the middle uterine 
artery was discovered. 

Knowledge of the changes involving the uterine mucous membrane 
is very meager, but there is no doubt that these changes are less rapid 
than the changes occurring in the musculature of the organ. It seems 
quite probable that cows which calve normally in every respect and 
which receive proper care and feed during their post-parturient stage, 
seldom complete all the processes involved in involution inside of 


thirty days. = : 
RELATION OF THE-PLACENTA TO INVOLUTION 


The placenta of the cow is poly-cotyledonary in type and the ar- 
rangement is so complicated that it is not so easily detached or so 
readily expelled as in animals whose placenta is diffuse. Following 
the expulsion of the fetus and fetal fluids, the lumen of the uterus 
materially decreases, the muscles of the uterine walls contract, and the 
cervix decreases in vascularity and rapidly contracts. The cervical 
canal is very frequently approximately closed from 12 to 24 hours 
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after parturition. The fetal membranes are as a rule expelled within 
from 4 to6 hours. Ina small percentage of cases they will be expelled 
in 2 or 3 hours, and not infrequently they will remain attached for 
7 or 8 hours even tho there is no inflammation. When the fetal mem- 
branes are retained for more than Io or 12 hours, it is quite evident 
that placentitis is present, and they will have to be removed manually 
or allowed to remain in the uterus to undergo putrefaction, being 
finally expelled as a putrid mass, consisting mainly of fluid, pieces of 
the membranes, and tissue debris. The separation of the fetal and 
maternal placenta is the result of cessation of the fetal circulation 
which permits the falling away of the chorionic villi from the crypts 
of the cotyledons. The expulsion of the membranes is effected by 
their weight and the muscular contractions of the uterus. As stated 
by De Bruin (1) the numerous placentae of the cow do not separate 
from the uterus simultaneously, but one after the other. In experi- 
mental animals, immediately after calving, there was often much 
difficulty in obtaining enough placental attachments for bacteriologic 
and pathologic study, yet the entire fetal membranes of these animals 
were frequently expelled 4 or 5 hours later. In normal separation of 
the fetal membranes, severe hemorrhages are only rarely observed in 
large animals. Retention of the fetal membranes as a result of pla- 
centitis seriously’ interferes with regression of the uterus, through 
interference with muscular contraction, which brings about uterine 
inertia. Inertia of the uterus also may be present before or at the 
time of parturition. Placentitis is a common symptom of bovine infec- 
tious abortion and according to the work of Theobald Smith (2) 
Bacterium abortus Bang has a predilection for the chorionic epithelium. 
On the other hand, several experimental animals suffered with retained 
afterbirth in which the Bang bacillus could not be isolated from the pla- 
centa or from guinea pigs inoculated with suspensions of it. The blood 
of these cows was also negative to both the agglutination and comple- 
ment fixation tests. The reduction of the uterus is subject to many 
variations. Inflammation of the placenta, if at all extensive, means 
retained fetal membranes. This invites sepsis and results in retarding 
or stopping involution. Involution, however, acts as a barrier to infec- 
tion and it is a well established fact that the uterus which has good 
muscle tone and contracts rapidly, seldom absorbs bacteria or their 
toxins. 


APPEARANCE OF THE LOCHIA 
One of the striking events in the puerperium is the appearance of 


the lochia. Lochia may be defined as the uterine, cervical, and vaginal 
discharges which follow for several days after the expulsion of the 
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fetus. The lochia consists of a serosanguineous exudate, at first red, 
but soon becoming brown and then clear owing to the appearance of 
mucus which may at times contain particles of pus and tissue debris, 
giving the lochia a cloudy appearance. If not evacuated successfully, 
the lochia may form a favorable medium for the development of 
bacteria. Cases are met with in which particles of the placenta have 
been retained and in which the cervix closes so rapidly that the uterus 
can not evacuate its contents. The nature and appearance of the dis- 
charge is an important guide to the condition and progress of the 
patient. A thin, watery, reddish brown, malodorous discharge signifies 
danger and means that the uterus is undergoing inflammation and is 
not contracting because of lack of muscle tone brought about by the 
infective agents. This condition permits the absorption of bacterial 
products which causes elevation of temperature and not infrequently 
enteritis, which is evidenced by a copious watery diarrhea. Mastitis 
is also a common complication. In severe cases terminal pneumonia 
is not uncommon. These conditions are most common in cases in 
which the fetal membranes have been wholly or partially retained, but 
may occur in cows in which the membranes are entirely expelled. 
Cows that experience normal parturition will in almost every instance 
have an abundance of clear mucus resembling the mucous discharge of 
estrum in the vagina and cervical canal. This phenomenon appears 
early preceding the serosanguineous discharge of lochia. 


PYOMETRA 


Involution is frequently retarded or stopped by a suppurative in- 
flammation of the uterus called pyometra. Pyometra is a condition 
of the uterus in which there are chronic inflammatory changes of the 
uterine mucosa characterized by sacculation of one or both of the 
horns and flaccid muscular walls, with little or no contractile power, 
owing to a loss of muscle tone. The uterus is asymetrical, abdominal 
in position, and one or both horns are partially filled or distended with 
pus. The cervix is inflamed and more or less dilated. This pathologic 
condition occurs most often in cows which have suffered with reten- 
tion of the fetal membranes, but is known to occur when the mem- 
branes were promptly discharged after calving. In working with the 
bacterial flora of this condition, Bacillus pyogenes has been isolated 
in a large majority of cases. This is apparently the predominating 
organism in these types of infection. 

The history of pyometra is usually as follows: The owner or 
herdsman in describing these cases states that the affected animal has 


not been in estrum since calving, and that a small pool of pus is usually 
} 


8 TECHNICAL BULLETIN 23 


found back of her when she is lying down. They also notice that 
there is more or less staining of the lips of the vulva, and collection 
of pus on the under surface of the tail. Cows suffering with pyometra 
are frequently allowed to go for six or seven months before the ser- 
vices of a veterinarian are employed. The treatment of pyometra, 
unless begun early, is often unsatisfactory, because even tho the uterus 
successfully completes the delayed involution and estrum is regularly 
established, regeneration of the mucous membrane is slow or the 
membrane has been destroyed or replaced by other types of epithelium. 
The change in epithelium interferes with or prevents attachment of 
the fertilized ovum; in cases in which the ovum does become imbedded, 
early abortions are frequent. ; 

In cows that have had the disease only a short time, the corpus 
luteum will frequently be found projecting above the surface of the 
ovary, but in long-standing cases the yellow body will be found to 
be more centrally located and therefore more difficult to remove. The 
dislodgment of the corpus luteum in entirety is usually tho not 
always responsible for rapid changes in the uterus. Not only does 
the uterus promptly discharge its contents through the re-established 
muscle tone, but it also changes rapidly morphologically, regaining 
its symmetry and normal anatomical position within a very short time. 
In cases in which only a remnant of the corpus luteum is present, 
treatment is less successful. Estrum frequently tho not regularly 
appears within five days after the corpus luteum is enucleated, 
especially if tissue destruction has not been extensive. 


CHANGES OCCURRING IN THE OVARIES 


Apart from the changes occurring in the ovaries which result in 
the degeneration of the corpus luteum, few changes, can be recognized. 

Cystic degeneration of one or both ovaries within a few days after 
parturition has been found in several cases. The etiology of these 
changes has not been fully determined. In certain cases they possibly 
result from ascending infections, whilé in others the origin of the 
infective agent may be hematogenous. With few exceptions the de- 
scribed changes have been observed in purebred cattle, some of which 
had been conditioned for show purposes, while others were highly 
fed for the purpose of establishing records in milk and butterfat pro- 
duction. Cows which had not been prepared for either show or 
official testing, were found in which cystic degeneration had affected 
the ovaries. But in all instances, these animals had been receiving a 
liberal diet rich in protein. The relation of the diet to cystic degen- 
eration is interesting and suggestive, but the lack of experimental 
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work in this field makes it impossible to form definite opinions. Cystic 

changes of the ovaries, if extensive, retard involution. The uterus 
_ will regress to approximately its normal size and position, but it re- 
mains soft or flaccid, on account of failure to regain normal muscle 
tone. Mild inflammatory changes affecting the mucous membrane of 
the cervix and uterus frequently co-exist with cystic changes of the 
ovary. 


Tite CORPUS: LUTEUM 


The corpus luteum of pregnancy remains throughout the gestation 
period and from one to two months after its termination. The corpus 
luteum occasionally will disappear earlier than 30 days after parturi- 
tion, again it will quite frequently remain for 90 days or longer. In 
a very large percentage of cases in which the corpus luteum persists 
following calving, ovulation is inhibited and the re-establishment of 
estrum is delayed until the corpus luteum has undergone denegera- 
tion. The relation of the corpus luteum to involution is not known, 
but according to Smith’s Manual of Veterinary Physiology (4) the 
corpus luteum is suspected of secreting a hormone which aids in 
regression of the uterus. These various phenomena constitute the 
function of involution. In cows which calve normally and expel the 
fetal membranes promptly, regression of the uterus is quite rapid. 
In many such cases, the uterus will contract so rapidly that the entire 
organ may be placed in the palm of one’s hand in 8 to to days after 
parturition. The changes in the uterine mucosa of these cows are 
very probably under the most favorable conditions not completed until 
go to 40 days after the termination of gestation. If the uterus is 
invaded with micro-organisms, both before and following the termina- 
tion of the gestation period, sub-involution frequently results, and 
from 3 to 4 weeks will have elapsed before the uterus has regained 
its normal non-gravid shape, position, and muscular tonicity. 

The mucous membrane of the uterus and cervix in such cases 
requires additional time to complete involution, as is evidenced by 
the discharge from the uterus of more or less mucopus which con- 
tinues from 2 to 3 weeks or in certain cows may continue indefinitely, 
retarding or delaying involution. 


BOVINE INFECTIOUS ABORTION 


Infectious abortion is responsible for a very large percentage of 
retarded involution. Placentitis is in most instances undoubtedly due 
to the activities of the Bang organism, and retention of the fetal 
envelope is a forerunner of various disorders of the reproductive 
organs. Successful prevention of infectious abortion will markedly 
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reduce the percentage of sterility, but it will not control it entirely. 
That sub-involution of the uterus and subsequent sterility is not 
always related to the Bang bacillus has been clearly shown by the 
research of various workers in connection with infectious abortion 
and sterility. 

Bacillus pyogenes, various types of streptococci and staphylococci, 
and certain types of the colon group are frequent invaders of the 
reproductive organs following parturition. This fact has been conclu- 
sively shown by numerous investigators. Extensive physical trauma as 
a result of dystokia or resulting in the removal of the fetal membranes 
or in the attempt to remove them when placentitis is pronounced, is 
in many cases followed by metroperitonitis with multiple abscess for- 
mation. In most cases only the outer coats of the reproductive organs 
are involved, altho the mucous coat is frequently affected, and in cases 
of ovarian affection the entire gland is often destroyed and converted 
into an abscess which may or may not be adherent to the surrounding 
tissues. The abscess walls are usually very heavy with occasional 
exceptions of those occurring in the ovary. Adhesions of the various 
organs are numerous, with extensive portions of the omentum being 
adherent in many cases through the attempt of nature to wall off the 
infection. : 

Among the animals studied were those which belonged to the 
experimental herd used for the investigation of abortion disease. Sev- 
eral of these cows were destroyed at short intervals following 
parturition and the reproductive organs were subjected to a bacterio- 
pathologic study. The findings in cases in which the examinations 
have been completed are included. 

The following observations are reported: 


(CUNSIS, INO. 


Cow calved on September 21, 1922. Calf was normal. Fetal 
membranes were promptly expelled. On October 3, uterus had almost 
completed involution. A corpus luteum was present in the right ovary. 

October 23, 1922, cow was re-examined and found to be normal, 
the uterus had undergone complete involution. Corpus luteum of 
pregnancy recently terminated, present in the right ovary. 

November 18, 1922. The corpus luteum in the right ovary was 
removed. 

November 22, 1922. Appeared in estrum and was bred. 

January 17, 1923. In calf, the fetus being present in right uterine 
cornu. 
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May, 1923. Serological tests negative for Bacterium abortus in- 
fection. Second pregnancy terminated September 12, 1923. 

September 14, 1923. An abundance of clear mucus in the vagina, 
and the cervix would allow entrance of two fingers. Uterus had good 
muscle tone. Left ovary was normal. Small degenerating corpus 
luteum was located in the right ovary. Uterine arteries were large, 
tortuous, and pulsating. 

September 16, 1923. Upon examination, an abundance of mucus 
in the vagina was discovered. The cervical canal was almost closed, 
and the uterus was contracting rapidly. Uterine arteries were still 
large and pulsating. 

September 25, 1923. Vaginal mucous membrane was normal. Cer- 
vix and cervical canal were normal. Abundant amount of clear mucus 
in vagina. Right horn of uterus slightly larger than left, but entire 
organ could be gathered into the hand and only mucus was given off 
when massaged. Blood vessels had receded to normal size and corpus 
luteum had almost disappeared from right ovary. A cyst was appar- 
ently forming in the left ovary. Muscle tone of the uterus was good. 
Involution in this cow was rapid. 

September 28, 1923. Uterus was near normal in size and position. 
Muscle tone was normal as manifested by vigorous contractions of 
the uterus when massaged. The corpus luteum in right ovary was 
undergoing degenerative changes and was now very small. The 
vagina contained a large amount of clear mucus. 

October 1, 1923. Approximately normal. Clear mucus was found 
in vagina and cervical canal. 

October 5, 1923. Cow was now normal. Involution was complete. 

October 15, 1923. Animal was in season, but not bred 33 days 
following parturition. 

November, 1923. Serological tests negative for Bacterium abortus 
infection. 

CASE NO} 2 


Cow calved October 29, 1922. Retained fetal membranes, which 
were removed manually at the end of 24 hours. Metritis was severe 
and extensive. = 

October 31, 1922. Uterus was distended four or five times normal’ 
size, inflammation active. Right cornu was flaccid and adherent to 
broad ligament. Right ovary partly obscured in adhesions, peri- 
metritis present, but well circumscribed. 

November 4, 1922. Right ovary hidden in adhesions near and 
attached to apex of right uterine cornu. Abscess in right ovary. Pus 
in right uterine cornu caseated and filled lumen to the extent that the 
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walls were distended. Left ovary normal and left uterine cornu much 
improved, being twice the normal size. Cervicitis severe. 

November 7, 1922. Extensive ovaritis and salpingitis with adhe- 
sions on right side. Right and left- uterine cornua both greatly im- 
proved, but right horn somewhat distended with pus. Cervix much 
improved. Left ovary normal. 

November 11, 1922. Uterus considerably improved. Abscess in 
right ovary large and adherent to the right uterine cornu and broad 
ligament. Left ovary normal. Cervicitis subsiding. 

November 15, 1922. Abscess in right ovary greatly enlarged, ap- 
proximately 12 cm. at its greatest diameter, circumscribed and adher- 
ent. Other organs improving gradually. 

November 18, 1922. Condition of abscess affecting right ovary 
and right uterine cornu unchanged. Other organs improved. Small 
corpus luteum removed from left ovary. 

November 28, 1922. Condition of abscess affecting right ovary 
and right cornu and tube, also broad ligament, unchanged. 

December 16, 1922. Abscess of right ovary had increased in size, 
and involved the oviduct. Abscess punctured with horse trocar per 
vagina, and a small amount of sanious malodorous pus removed. Left 
ovary contained corpus luteum. Cornua of uterus normal. Abscess 
now pressed ori’ bladder and caused periodical straining and frequent 
urination. 

Serological tests positive for Bacterium abortus infection. 

January 17, 1923. Examination revealed a large and extensive 
abscess involving the right ovary and oviduct, with massive adhesions. 
The uterus was adherent to broad ligaments, and it was difficult to 
outline the left ovary. Left ovary presented a condition similar to 
fibrosis, but was near normal in size. This cow was gaining in phys- 
ical condition and there was little evidence of ‘acute inflammation. 
She was slaughtered January 31, 1923. 


AUTOPSY FINDINGS 


On splitting open the carcass down the median line, it was noticed 
that there were marked and extensive adhesions in the region of the 
pelvis. The omental fat, rectum, uterus, ovaries, tubes, vagina, all 
were more or less adherent. As the paunch was pulled away, an abscess 
in region of right ovary was broken and the contents which poured out 
over intestines were semi-liquid with caseated particles. The pus was 
green in color and gave off a pungent offensive odor. All areas 
of inflammation were of a chronic nature. Parietal peritoneum on 
left abdominal wall shows 30 to 40 oval to circular button-like struc- 
tures, the results of inflammation. These areas varied in size, from 5 
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to 10 mm. in diameter. There was an abundance of clear adhesive 
mucus in the vagina. The cervix was normal and free of adhesions. 
A large abscess 9 centimeters long and 6 centimeters wide was situated 
on the right side and attached to the dorsal surface of the vagina. The 
walls of the abscess were 5 to 10 mm. thick, and the pus varied in 
color from light gray to green. The pus near abscess wall was semi- 
fluid, while in the center it was caseated. The odor was pungent and 
offensive. A smaller abscess, 4 centimeters in diameter, was situated 
on inferior surface of bladder, the wall was thick, and the contents 
were semi-liquid and green in color. The right and left cornua, which 
were normal in size and appearance, were pulled sharply out of posi- 
tion to left of median line; they were adherent to broad ligaments and 
to the ovaries and oviducts. On incising the uterine cornua and view- 
ing the mucosa, little or no evidence of inflammation was found, the 
carunculae were normal in appearance and size. A large irregular 
abscess 15 by 10 centimeters in diameter involved the right cornu, and 
was located at approximately 12 centimeters anterior to the bifurcation 
of the uterus. The abscess wall was 6 to Io mm. across, the pus was 
malodorous, and varied in consistency from semi-liquid to caseous. 
Right ovary and oviduct were buried in adhesions and located only 
after careful dissection. Right ovary was normal in size, but pre- 
sented a condition of fibrosis. No lutein tissue found, but one small 
cyst 5 mm. across and one other that may possibly have been a Graafian 
follicle were found. The right oviduct was enlarged to twice normal 
size and contained a catarrhal exudate. The left ovary and oviduct 
had undergone changes of cystic degeneration. The cyst was about 
4 centimeters in diameter and the oviduct about the caliber of a lead 
pencil, with very thin walls. The fat next to the abscess formation 
was undergoing necrosis. 

All lesions were cultured. None of them produced growths of 
Bacterium abortus. Luxuriant growths of Bacillus pyogenes were 
secured from all tissues in which there was suppurative inflammation. 


CASE NO. 3 


Cow calved October 10, 1922. Retained fetal membranes, which 
were removed manually on October 12. ; 

Metritis, tho fairly extensive was not severe, but the discharge 
was qtite copious. Temperature and appetite normal. Uterus pos- 
sessed fairly good muscle tone. On October 16 uterus was irrigated 
with a normal saline solution and massage was applied. Right uterine 
corn somewhat flaccid, but contracting gradually. Pus was becom- 
ing thicker and was yellow in color and somewhat malodorous. 
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October 31, 1922. Corpus luteum of recent pregnancy was present 
in right ovary. Uterus flaccid and enlarged to twice normal size. 
Slight pyometra. Contractions of the uterus stimulated by massage. 
Cervicitis was severe. 

November 4, 1922. Right uterine cornu had better tone and was 
greatly reduced in caliber and length. Right ovary presented cystic 
corpus luteum. Uterus slightly flaccid, left cornu near normal, cervi- 
citis severe with hypertrophy of external folds. Approximately roo 
mils of creamy malodorous pus expelled upon application of massage. 

November 7, 1922. Right ovary contained cystic corpus luteum 
which was not interfered with on account of extensive infection. Left 
uterine cornu about normal with good muscle tone. Right uterine 
cornu was reduced in size and not so flaccid. Approximately 50 mils 
of pus and mucus was discharged following massage. Uterus was 
irrigated with normal saline solution and then massaged. 

November 14, 1922. General condition of the patient improving 
gradually. Cervix greatly improved. 

November 18, 1922. Cervicitis still marked, uterus approximately 
normal. No discharge. Cystic corpus luteum removed from right 
ovary. 

November 20, 1922. Small cyst was broken in right ovary. Corpus 
luteum was removed from left ovary. The corpus luteum was not 
located until today. 

November 28, 1922. Cervix near normal. All other organs ap- 
parently normal. 

December 16, 1922. Cyst in right ovary, approximate size 12 by 
7 cm., was ruptured, small cyst of left ovary broken. This cow had 
not yet been in estrum. All other organs normal. 

Bred on December 27, 1922. 

Serological tests of the blood of this animal, were positive for 
Bacterium abortus infection. 

January 4, 1923. Corpus luteum in right ovary. No evidence of 
cystic formation in either ovary, cervix contains thick mucus, indicat- 
ing continued presence of cervicitis. 

February 23, 1923. Was in estrum. A remnant of the corpus 
luteum was located in right ovary. External ring of cervix was hyper- 
trophied, but there was no evidence of acute inflammation. 

February 13, 1923. In estrum and bred. 

March 5, 1923. In estrum and again bred. 

March 23, 1923. Cervicitis still quite extensive. Corpus luteum 
removed by compression from right ovary per vagina. 

April 15, 1923. Cervix treated with Lugol’s solution. 
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May 10, 1923. Treatment of cervix repeated. 

May 24, 1923. Treatment of cervix repeated. Lugol’s solution 
was used in every instance. 

June 4, 1923. In estrum, cervix still slightly inflamed tho canal 
tightly closed. Right uterine cornu enlarged to four or five times 
normal size and filled with fluid. Condition resembled pregnancy. 
No corpus luteum in either ovary. Cervical canal dilated and an 
immediate escape of a thin reddish-brown fluid. This was all removed 
by massage, and then the uterus became ballooned with air which was 
removed by massage. It is possible that this cow had recently been 
pregnant. No signs of embryo or fetal membranes were found. 

June 18, 1923. In season and bred. 

Slaughtered July 3, 1923. 


AUTOPSY FINDINGS 


All organs were near normal except the external portion of the 
cervix, which was hypertrophied. The mucus membrane of the uterus 
was slightly congested and the carunculae were apparently somewhat 
enlarged. There was a corpus luteum in the left ovary. Cultures 
from cervix produced growth of B. subtilis and Micrococcus pyogenes 
albus. Cultures from the other organs remained sterile. 


CASE NO. 4 


Parturition occurred October 19, 1922. Dystokia, fetal and ma- 
ternal, present. Calf removed by traction. Fetal membranes, retained, 
were removed on October 21, 1922. They were quite firmly attached, 
but had appearance of necrosis at placental attachments. 

October 21, 1922. Uterus was contracting slowly and discharge 
was slight. Temperature and appetite were normal. 

October 23, 1922. Uterus still greatly enlarged and actively in- 
flamed. Left ovary normal. Unable to locate right ovary on account 
of perimetritis. Several pelvic abscesses in region of vagina and 
cervix. External cervical folds were inflamed and hypertrophied. 

November 4, 1922. Uterus involuting fairly rapidly. Pelvic ab- 
scesses adherent to floor of pelvis and involving fibrous coat of vagina, 
were well walled in and the pus was caseated. Left ovary was normal. 
Cervix was greatly improved. Right ovary was still partly hidden 
on account of adhesions. 

November 7, 1922. Abscesses in region of vagina unchanged. 
Uterus greatly improved, but twice normal size. Left ovary normal. 
Right ovary normal. Adhesions less marked. Corpus luteum had 
disappeared from right ovary. A scanty discharge of thick yellow 
pus was observed following uterine massage. 
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November 14, 1922. Abscesses were smaller and the general con- 
dition of the cow was much better. 

November 18, 1922. <A cystic left ovary was located and the cyst 
was ruptured. Condition of abscesses was unchanged. 

November 28, 1922. All reproductive organs were apparently nor- 
mal; the abscesses were smaller and three in number. They suggested 
the condition of fat necrosis. Those on the sides and below the vagina 
were flattened, with irregular surface and borders. The third, which 
was located partly above the vagina, was oval and the size was approx- 
imately 6 cm. in diameter. 

Cow was bred on December 13, 1922. 

December 16, 1922. A cystic corpus luteum was removed from 
the right ovary. All abscess formation with the exception of two 
small fibrous remnants had disappeared. 

January 19, 1923. All signs of abscess formation had disappeared. 
Cervix normal. A second corpus luteum was removed from the right 
ovary. Instructions to herdsman were to breed the cow as soon as 
estrum appeared. 

January 24, 1923. In estrum and bred. 

March 23, 1923. Examined and found pregnant. 

Serological tests of the blood were positive for Bacterium abortus 
infection. 

This cow again gave birth to a bull calf during the night of October 
9, 1923. The calf was strong and apparently normal. Blood samples 
collected from cow and calf at 10 a.m. October 10, 1923. At I p.m. 
an examination was made of the vagina, cervix, and uterus. The fetal 
membranes were still attached, with a small portion protruding through 
the cervical canal into the vagina. The uterus contained a large 
amount of thick grayish-brown but not malodorous exudate, Preg- 
nancy had existed in left uterine cornu and the fetal membranes of 
right uterine cornu were not firmly attached. Placental attachments 
in part were necrosed, indurated, and the membranes were in places 
edematous. In securing placental attachments for animal inoculation 
purposes, it was discovered that the removal of the entire membranes 
could be accomplished. The uterus was irrigated with from 3 to 4 
gallons of a mild antiseptic solution and the muscular contractions 
were found to be very rapid and strong. This was a badly infected 
cow according to clinical manifestations, and the placenta was the 
most extensively diseased one yet found. Hemorrhage of the uterus 
was slight, but continued for one hour. 

October 11, 1923. Cow was eating well, was not straining, and 
cnly a small amount of a serosanious discharge was being expelled. 
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Result of agglutination tests of cow’s blood positive for Bacterium 


- abortus infection. 


Results of agglutination test of calf’s blood negative for Bacterium 


abortus infection. 


October 12, 1923. Animal was eating well. No evidence of strain- 
ing or discomfort. Uterus was irrigated with a normal saline solution 
and 2 to 3 liters of a thin reddish-brown discharge was removed. The 
discharge was not malodorous. Uterus had good muscle tone. 

October 13, 1923. Appetite remained good. Temperature was 
normal. Discharge from uterus not so copious. Nio straining. No 
alteration of feces. 

October 15, 1923. Feed of all kind was refused. Temperature 
104 degrees F. Uterine discharge was reddish brown in color and 
contained shreds of placenta. Uterus was irrigated with mild thera- 
pogen solution. Tincture of nux vomica and intestinal antiseptics 
were given per orum. 

October 17, 1923. Appetite was normal. Animal was not strain- 
ing. There was no evidence of diarrhea, and the temperature was 
normal. 

October 20, 1923. Cow was gaining rapidly in flesh and milk pro- 
duction, discharge from uterus consisted of thick, gray, and slightly 
malodorous pus. The cervical canal was partially dilated and the 
external cervical folds were hypertrophic. The uterus was enlarged, 
still flaccid, but there was evidence of contraction when massage was 
applied. There was a corpus luteum in the left ovary. There were 
no signs of infection having ascended above the uterus. 

October 23, 1923. Vagina, cervix, cervical canal, and uterine 
cornua were rapidly approaching their normal condition. Discharge 
from uterus consisted mainly of mucus which contained also a small 
amount of pus. Muscle tone of the uterus had improved. 

October 27, 1923. General condition of patient was good and milk 
flow had increased. There was a slight discharge of mucopus from 
uterus, and the uterus had good muscle tone but was still somewhat 
enlarged. : 

November 1, 1923. Condition of cow was good, no indications 
of any disturbances of the udder. A discharge of mucopus from the 
uterus had continued tho the uterus was near normal in size and 
position. Condition of cervical canal much improved. Muscle tone 
of uterus good. 

November 6, 1923. With the exception of a slight discharge of 
cloudy mucus from-the cervical canal and uterus, involution was prac- 
tically completed. The uterus will probably yet undergo further re- 
duction in size, but is apparently normal. No doubt many changes 
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will take place in the mucous membrane before the animal will again 
successfully conceive. There was a corpus luteum in the left ovary. 
The infection did not ascend to the oviducts or ovaries. 

On November 21, 1923, a corpus.luteum was removed from the 
left ovary. The cow came in heat and was bred November 23. Estrum 
again appeared on December 3 when she was again bred. Estrum 
occurred again on January 11, 1924. On March 6, 1924, she was 
examined and pronounced pregnant. 


CASE ONO iS 


This aged cow calved August 16, 1922, and retained a small por- 
tion of fetal membranes. Metritis was not extensive or severe, the 
milk flow was small, appetite capricious, and back slightly arched. 
Uterus was douched with mild therapogen solution and massaged 
every third or fourth day. Uterine discharge at first was reddish 
brown, malodorous, and contained shreds of fetal membranes. Later 
it became thicker and yellow. Cervix became less inflamed, and 
muscle tone of uterus improved gradually. 

October 25, 1922. A small cyst located in the right ovary was 
ruptured. A large cystic corpus luteum was removed from the left 
ovary. Estrum had not yet appeared. Will probably be in estrum 
within a few days. 

October 30, 1922. In estrum and bred same day. 

December 21, 1922. Partial prolapse of left vaginal wall existed. 
Mucous membrane of prolapsed portion was exfoliated. Large cyst 
in right ovary was ruptured. Cervicitis fairly extensive, other organs 
normal. 

January 17, 1923. Portion of left wall of vagina was removed 
surgically. The affected wall was badly prolapsed and thé mucous 
membrane excoriated. | 

January 23, 1923. Cystic corpus luteum removed from right ovary. 
Vagina showed induration at area of incision. 

February 10, 1923. Large corpus luteum removed from left ovary. 
Uterus normal. A small amount of mucopus removed from the cervix. 
Area of operation in vagina rapidly improving. 

February 14, 1923. In estrum and bred. 

March 26, 1923. Examined and found pregnant in right cornu. 

September 21, 1923. This animal was noticed to be ill and it was 
thought she was showing symptoms of an approaching abortion, and 
an examination of the vagina and cervix revealed the presence of 
reddish brown mucus and blood. Cervical canal permitted entrance 
of two fingers. Could not feel fetal membranes or fetus. Rectal 
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examination indicated that uterus was empty, altho only a small portion 
of the uterus could be palpated. There were no signs of straining or 
restlessness. There was loss of appetite. Temperature elevated 2 


| degrees F. We believed that the fetus had been expelled in pasture. 


On September 22, a thin reddish brown discharge had appeared. 
This was offensive. Cow still refused feed and remained down almost 


| continuously. Examination of vagina and cervix showed these organs 
| still unchanged. Attempted to explore and if possible douch the 


uterus, but failed. Attached forceps to cervix and by way of the 
rectum attempted to palpate the uterus, but this did not show indica- 
tions that the fetus was still present. Stimulants were given, and on 
September 23 the uterine discharge was more copious and very offen- 
sive. A diarrhea was present at this time. A vaginal examination 
revealed a partially dilated cervical canal, and the presence of the fetal 
sacs. These were broken and after the fluids had escaped, the head 
of the fetus was located. The forelegs were completely retained. This 
condition was corrected and the fetus was finally removed by vigorous 
traction. It was found to be emphysematous. Odor very offensive 
and penetrating. Uterus was douched with mild solution of thera- 
pogen. 

September 24, 1923. Fetal membranes extended beyond the vulva 
and were very putrid. These were removed, but not in their entirety. 
The uterus was irrigated and stimulants administered. Appetite bet- 
ter and condition of bowels improved. 

September 25, 1923. Cow greatly improved. Appetite good, bowel 
passages normal, uterine discharge still profuse, but less offensive. 
Uterus irrigated with mild solution of therapogen. Temperature nor- 
mal. Sample of blood secured for agglutination test. 

September 28, 1923. Result of agglutination test of blood positive 
for Bacterium abortus infection. 

September 30, 1923. Condition of patient unchanged. 

October I, 1923. Improving rather slowly. Appetite fair. Tem- 
perature normal. No evidence that infection will terminate fatally. 

October 3, 1923.Had developed infection in one quarter of the 
udder. Milk was ropy and blood-stained. Appetite fair and patient 
was gaining in weight. Discharge from uterus thick and grayish-_ 
white. Uterus had fairly good muscle tone. 

October 5, 1923. Condition showed slight improvement. 

October 8, 1923. Mastitis was quite severe. Intestinal antiseptics 
and tincture of nux vomica were given. Hot applications were ap- 
plied to udder. Animal was gaining in flesh. Uterus was receding 
quite rapidly, and discharge was thick and contained mucus. 
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October 10, 1923. Uterus had contracted so that it was as small 
as the non-gravid organ. Cervix was indurated and canal was dilated. 
Ovaries and oviducts were normal. There was a corpus luteum in 
the left ovary. Vagina was normal. -This cow will be released from 
quarantine in approximately ten days. 

October 13, 1923. Cervicitis quite extensive. Left uterine cornu 
about normal in size, but right uterine cornu enlarged to twice its 
normal size, and contained eight or ten ounces of thick gray mucopus 
which was malodorous. 

The uterus was massaged and after the pus was removed was itri- 
gated with normal saline solution. Patient was taken out of quaran- 
tine and placed on pasture twenty-two days after parturition. 

October 19, 1923. Vaginitis still acute but less extensive. External 
cervix was hypertrophied. Canal permitted without any difficulty 
the passage of a horse catheter. Mucopus in small quantities present 
in cervical canal and vagina. Uterus had contracted markedly and 
had good muscle tone, but was still slightly enlarged. By rectal pal- 
pation, small elevations probably cotyledons, could be detected. A 
small amount of creamy pus was removed by irrigation. Corpus 
luteum present in left ovary. Condition of udder had gradually im- 
proved. 

October 29, 1923. A slight discharge of mucopus from the uterus 
persisted. Cervicitis was pronounced, and the canal was partially 
dilated, the left uterine cornu was slightly distended, elongated, and 
flaccid. Corpus luteum in left ovary was removed. 

November 1, 1923. Uterus was contracted and had improved 
muscle tone. The uterine discharge consisted of clear mucus. The 
ovary from which the corpus luteum was removed was healing and 
showed no evidence of becoming infected. : 

November 3, 1923. Cow was in estrum. The discharge was clear 
and consisted of pure mucus. The uterus was normal in size and 
position and muscle tone. The wound in the left ovary had been 
repaired. External folds of the cervix. were hypertrophied, but the 
canal was apparently near normal. Only one small abscess, in left 
uterine cornu, could be detected. 


CASE UNO =26 


Holstein cow calved September 7, 1922. Did not retain the fetal 
membranes. Appetite unimpaired. No rise in temperature. Milk 
flow good. Uterus douched only once with normal saline solution. 
Massage applied immediately after. No other treatment. 

On October 25, 1922, the corpus luteum had entirely disappeared, 
left cornu of uterus normal, right cornu somewhat enlarged and 
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elongated. The presence of pus was suspected but none could be mas- 
saged away. Cervix good. Fluid in vagina suggested estrum. 
October 31, 1922. Uterus still somewhat enlarged but had better 


_ muscle tone. More mucus in uterine discharge. 


November 9, 1922. A cyst was found in the right ovary. Left 
ovary was normal. Right uterine cornu was half again as large as 
normal, and slightly flaccid. Cervix about normal. Cyst in right 
ovary was ruptured. 

November 15, 1922. In estrum but not bred. 

November 20, 1922. Condition practically normal. Heat Auid 
present in vagina. 

November 28, 1922. Clear fluid in vagina. Corpus luteum in right 
ovary was not disturbed. 

Abscess in the cervical region resulting from injections of living 
abortion bacilli for vaccination was evacuated. This abscess was ares 
being 10 cm. at greatest diameter. 

December 13, 1922. In heat but not bred. 

December 15, 1922. Heat fluid in vagina, No corpus luteum. 
All organs normal. 

December 21, 1922. Corpus luteum in left ovary. All other organs 
normal. 

January 23, 1923. Corpus luteum removed from left ovary. It 
was recommended that this cow be bred as soon as estrum occurred. 

January 25, 1923. In season and bred. 

March 26, 1923. Cow was pregnant, fertilization having taken 
place in right uterine tube. 

Gave birth to normal full-time bull calf on November 4, 1923. Fetal 
membranes expelled four hours later. The blood of this cow reacted 
positively for Bacterium abortus infection by both the complement 
fixation and agglutination tests. 


CASE- NO: 7 


Cow calved September 12, 1922. Did not retain the fetal mem- 
branes. Appetite normal, also temperature. September 15, metritis 
became severe and she was placed on treatment which consisted of 
uterine douches and massage. Responded rapidly to treatment. Sep- 
tember 19, involution progressed quite rapidly. Corpus luteum was 
disappearing. On September 20, uterine discharge consisted mainly 
of mucus, right uterine cornu was about normal, left uterine cornu 
was slightly larger than normal and elongated. Muscle tone good. On 
Octeber 25, all organs were found normal and the corpus luteum had 
entirely disappeared. Contractions of uterus upon massage suggested 


1S) 
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that estrum was near. The blood of this cow was positive for Bac- 
terium abortus infection by both the agglutination and complement 
fixation tests. 

October 26, 1922. In estrum and bred. 

January 8, 1923. Pregnant in left uterine horn. The left ovary 
contains corpus luteum of pregnancy. 

August 3, 1923. Gave birth to normal full-time heifer calf. Fetal 
membranes were not retained, being expelled four hours after par- 
turition. 

CASE - NOW'S 


Cow gave birth to twin heifer calves, one being black and white, 
the other red and white. The red and white one, which was born last, 
was dead. The fetal membranes were partly retained, and most of 
these were removed manually on November 6, 1922, which was the day 
parturition occurred. 

November 7, 1922. Remains of fetal membranes removed and 
uterus irrigated with a mild solution of therapogen. Muscular con- 
tractions of the uterus strong. The remaining calf died on this date 
and upon autopsy the true stomach was found to be greatly distended, 
and filled with undigested curds of milk. Lungs showed small areas 
of petechial hemorrhages and slight oedema near the region of the 
heart. 

November 9, 1922. The uterus was gradually undergoing involu- 
tion. Cervicitis not severe. ~ 

November 15, 1922. Uterus was irrigated with salt solution and 
gently massaged. Appetite was capricious and metritis very severe. 

November 17, 1922. Uterus irrigated thoroly with salt solution. 
Metritis still quite severe and shreds of placenta were washed away. 
The cervix was gradually improving. Left uterine cornu and ovary 
were readily palpated. No corpus luteum in left ovary. Evidence 
obtained on palpation indicated both fetuses had been in right uterine 
horn. 

November 18, 1922. The uterine discharge was less profuse, pus 
was grayish-brown in color and less malodorous. Muscle tone of 
uterus was improved, but involution was delayed. Left ovary was 
normal. A corpus luteum was present in the right ovary. Cervicitis 
was less severe. 

November 20, 1922. General improvement was noted, both ovaries 
were palpated, but no evidence of disease could be found. 

November 28, 1922. General improvement very noticeable, appe- 
tite good, and milk flow increased. The corpus luteum had disap- 
peared from the right ovary. The left ovary was normal. The left 
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uterine horn was near normal. Right uterine horn size of sausage, 
elongated, but muscle tone excellent. The uterus contained a small 
amount of pus which consisted partly of placental shreds and tissue 


_ debris. The cervix and cervical canal were much improved. The 


uterus was irrigated with a normal salt solution and then massaged. 

January 4, 1923. Cervicitis was mild; a small amount of mucopus 
was obtained by massaging the uterus, the muscle tone of which was 
strong. Left ovary and oviduct normal. Right ovary contained large 
corpus luteum which was removed by pressure per vagina. 

January 6, 1923. In estrum but not bred. 

January 30, 1923. A newly formed corpus luteum was removed 
from the left ovary. All other organs were apparently normal. Estrum 
occurred on February 2, when she was bred. 

February 27, 1923. Approximately one month after service we 
found a large corpus luteum, 2 cm. in diameter, in the left ovary. The 
cervical canal was partly open and there was an abundance of clear 
mucus in the cervical canal and vagina. Uterus when massaged con- 
tracted vigorously, suggesting that estrum was near. Estrum did not 
occur, and when examined on March 23, 1923, she was pronounced 
pregnant. This case was somewhat unusual in that the findings under 
date of February 27 indicated that fertilization had not been successful. 

April 13, 1923. There was a large corpus luteum in the left ovary. 
Both uterine cornu were elongated, enlarged, and had good muscle 
tone. There were marked constrictions in left uterine cornu. She 
was slaughtered on this date. 


AUTOPSY FINDINGS 


This animal proved to be pregnant and the corpus luteum was 
located in the left ovary. Remains of two old corpora lutea which 
had been expelled surgically were found free in folds of the mesentery. 
They were gray in color, flattened, and soft, The blood was positive 
to the serological tests used in determining the presence of Bacterium 
abortus infection. 

CASE NO. 9 

Hereford cow gave birth te strong vigorous calf on November 16, 
1922. Fetal membranes were not retained. 

November 17, 1922. Cervical canal almost closed. Could insert 
only one finger. An abundance of mucus was found in the vagina. 
Uterus was involuting rapidly and had good muscle tone. A small 
corpus luteum in the right ovary was rapidly disappearing. 

November 20, 1922. Improvement quite noticeable. Apex of right 
uterine horn was enlarged and firm to the touch. A corpus luteum 
existed in right ovary. No adhesions found. Cervical canal almost 


closed. 
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November 29, 1922. Corpus luteum in right ovary could still be 
determined. Involution approximately completed. Muscle tone of the 
uterus was good, and there was a slight discharge of clear mucus. 
Cervix normal. Involution in this case was quite rapid. At no time 
had she shown evidence of infection. 

December 2, 1922. A remnant of the corpus luteum persisted in 
the left ovary. This structure was cystic, but was not ruptured. The 
left ovary and the oviducts were normal. Uterus could be placed in 
the palm of the hand. Involution was completed and there was an 
abundance of clear mucus in vagina. Cervical canal fairly well closed 
and free from inflammatory changes. 

December 7, 1922. The cystic corpus luteum in right ovary was 
ruptured. All other organs were normal. The blood of this animal 
was negative to both serological tests for Bacterium abortus infection. 

December 15, 1922. Heat fluid was now present in vagina. Ovaries 
and other organs were normal. Will be ready to breed at next estral 
period. 

December 20, 1922. Estrum appeared and cow was bred. Was 
rebred on January II, 1923. 

February 15, 1923. This cow was examined and found to be 
pregnant. 

November 1, °1923. Pregnancy terminated when she again calved 
successfully. The fetal membranes were expelled within four hours 
after calving. Involution was rapid and estrum appeared on Decem- 
ber I, 1923. She was served and conception resulted. A diagnosis of 
pregnancy was made on February 2, 1924. 


CASE NO. 10 


Jersey heifer gave birth to a healthy, vigorous calf on December 
11, 1922. The fetal membranes were discharged two hours following 
parturition. December 12, 1922, examination showed that remnants 
of the uterine seal were still present. The cervical canal was almost 
closed. There was an abundance of clear stringy mucus in vagina. 
The muscle tone of the uterus was good, the muscular contractions 
being very noticeable following massage. Both uterine cornua were 
still enlarged four or five times. There was a corpus luteum in 
right ovary. 

December 21, 1922. Improvement in general was rapid. The 
remains of a corpus luteum were located in left ovary. Uterus 
enlarged to twice normal size and a brownish colored mucus dis- 
charged following massage. The cervix and cervical canal were near 
normal. Muscle tone of uterus was normal, contractions being vig- 
orous and rapid when massaged. 
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January 8, 1923. A cystic corpus luteum was removed from left 
ovary, but the well known signs of estrum did not develop. 

January 26, 1923. A corpus luteum in the right ovary was evi- 
dence that this heifer had been in season but passed by unobserved. 
All other organs were normal. 

January 29, 1923. Came in estrum, but was not bred. 

February 21, 1923. Small cyst in right ovary, I cm. in diameter, 
was broken. 

March 2, 1923. Remnant of corpus luteum was removed from 
right ovary and a small cyst, 8 mm. in diameter, in left ovary was 
broken. 

March 6, 1923. Small cyst, 1 cm. A corpus luteum was removed 
from the right ovary. Cervix and cervical canal were normal. Fluid 
in vagina suggested estrum. 

Blood of this cow subjected to the serological tests gave ponies 
results for Bacterium abortus infection. 

April 18, 1923. Corpus luteum removed from left ovary. Small 
cyst, approximately 1 by 1.5 cm., in right ovary was broken. 

May 3, 1923. Came in season and was bred. 

July 3, 1923. Cow was examined and a diagnosis of pregnancy 
was made. 

CASE ENO. a 11 


_ Angus heifer aborted. The fetus was approximately 5 months in 
gestation. December 14, 1922. Blood reaction to serological tests 
was positive for Bacterium abortus infection. 

Was examined on December 15, and the fetal membranes had not 
been expelled, the attachments were very firm. Cervical canal was 
almost closed, the muscle tone of the uterus was normal, and the mus- 
cular contractions were pronounced upon massage. A large portion 
of the fetal membranes was removed and the uterus was douched with 
a saline solution. Very little of the mucus plug was attached to the 
cervical canal. 

December 16, 1922. Remnants of a corpus luteum in each ovary. 
Uterus was contracting rapidly, and muscle tone was normal. Rem- 
nants of placenta and tissue debris were removed by irrigation and 
massage. : 

December 21, 1922. Uterine contents greatly diminished, not mal- 

odorous, and large quantities of clear mucus were being discharged. 
_ Applied massage to ovaries and uterus. Uterus possessed normal 
muscle tone. 

January 10, 1923. Bred. 
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February 15, 1923. Examined for pregnancy. Diagnosis, possibly 
pregnant. 

March 31, 1923. Estrum appeared and cow was rebred. She 
proved to be not in calf. , 

April 25, 1923. Estrum occurred and she was again rebred. 

June 22, 1923. There was cessation of estrum on account of a 
retained corpus luteum. She was examined for pregnancy and found 
not to be pregnant. The corpus luteum in the left ovary was re- 
moved. Estrum occurred on June 24, when she was bred. On 
August 15, was pronounced to be in calf. This pregnancy terminated 
February 27, 1924. Calf was premature but was active and vigorous. 
Fetal membranes were expelled promptly but placental necrosis was 
extensive. Smears prepared from the placenta revealed the presence 
of organisms which were believed to be Bacterium abortus. 


CASEIN Ol 


This was a purebred cow affected with mummification of the fetus. 
The dessicated fetus was located in the right uterine cornu. The left 
ovary was enlarged and slightly cystic. A corpus luteum in the right 
ovary was located. Fetus was about the size of a cat and the cow was 
within two weeks of termination of her gestation period. The corpus 
luteum was removed by pressure per vagina. On the second and third 
days following the operation the cow was bellowing and acting as 
though she had calved. An examination on the third day revealed the 
presence of the fetus engaged in the vagina and cervical canal. The 
fetus and genital tract were very dry and some traction was necessary 
for its removal. Three weeks later the uterus and all other organs 
were apparently normal, muscle tone of the uterus was normal, and 
clear mucus in the vagina suggested estrum. Estrum appeared and 
the cow was bred twenty-five days after the operation. 

January 6, 1923. Corpus luteum in left ovary. All organs were 
apparently normal. 

January 19, 1923. Cow had passed over one heat period. 

March 10, 1923. Examined for pregnancy. Diagnosis, pregnant. 

September 7, 1923. Animal aborted and retained the fetal mem- 
branes. Sample of her blood subjected to the agglutination test was 
positive for Bacterium abortus infection. : 

February 22, 1924. Again in calf. 


CASE NO. 13 


Parturition occurred on December 20, 1922. Fetal membranes 
were expelled three hours later. Examined December 21, 1922: and 


involution was found to be progressing rapidly. 
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December 29, 1922. General condition much improved. Muscle 
tone of uterus normal. No cervicitis. Corpus luteum still present. 
Uterus approximately normal in size and position. 

January 17, 1923. With the exception of a small cyst, approxi- 
mately I cm. in diameter, in left ovary, which was ruptured, all other 
organs were apparently normal. The blood was positive to the sero- 
logical tests employed in determining the presence of Bacterium abor- 
tus infection. 

January 24, 1923. In season and bred. 

February 14, 1923. In season and bred. 

March 8, 1923. In season and bred. 

April I, 1923. In season and again bred. 

June 22, 1923. Examination showed that the animal was now 
pregnant. 

CASE NO. 14 


Cow was delivered of a large bull calf on December 27, 1922. The 
animal was suffering with uterine inertia and while the cervical canal 
was dilated and the fetus was in normal position, no effort was 
being made to expel it. Two mils of pituitrin was given subcutane- 
ously at the noon hour. At 1:00 p.m. there was some evidence of 
labor, but she made only slight progress. We then applied traction 
and secured a big strong calf. Fetal membranes were tightly attached. 
Fetal membranes were not retained, having been expelled six hours 
later. All four legs of the cow were edematous before parturition and 
remained filled for forty-eight hours following calving. The cow 
was constipated, with complete loss of appetite and elevation of tem- 
perature to 106 degrees F. Metritis was apparently mild. Saline 
purgative given, also potassium acetate in capsule. Tonics and intes- 
tinal antiseptics (creolin and mucoseptone) were also given. 

January 2, 1923. Metritis and cervicitis mild, chocolate brown 
discharge from the uterus upon the application of massage. Corpus 
luteum had disappeared. Both horns of uterus were enlarged five or 
six times the normal non-gravid size. Temperature was normal, appe- 
tite had improved, and milk flow was gradually increasing. 

January 4, 1923. Uterus contracting slowly. Left ovary enlarged. 
Its greatest diameter was 9 or 10 cm. Was possibly in process of 
abscess formation. Oviduct was adherent and enlarged. Cervicitis 
existed in mild form. Uterus was douched with normal saline solu- 
tion. Appetite was normal, milk flow had increased, and temperature 
was normal. 

January 13, 1923. Left ovary and oviduct almost normal in size. 
The corpus luteum had disappeared. Left uterine cornu had good 
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muscle tone and was near normal in size. Right uterine cornu was 
still enlarged about three times its normal size, and the walls were 
flaccid and showed lack of muscle tone. Four or five necrosed ma- 
ternal cotyledons were removed by irrigation and five ounces of thick 
grayish mucopus was also removed. The cervix and cervical canal 
were near normal. 

January 17, 1923. A small amount of mucopus in the vagina, and 
inflammation of cervix less severe. The muscle tone of left uterine 
cornu was near normal, right uterine cornu was enlarged and distended 
with pus, which was not malodorous. Cervical canal was very tor- 
tuous, making the passing of a catheter very difficult. Irrigations and 
massage of the uterus brought forth one half liter of mucopus. Corpus 
luteum had become absorbed. 

January 19, 1923. Cow showed marked improvement. Uterus now 
had good muscle tone and was less flaccid, but was still discharging a 
small quantity of mucopus. Uterus irrigated and massaged. Cervi- 
citis less severe. Pus removed from uterus was thick, grayish yel- 
low and mixed with mucus. 

January 23, 1923. Uterus was still flaccid but had better tone. A 
small amount of mucopus was obtained upon massage and one degen- 
erated maternal cotyledon was expelled. The cervix was inflamed and 
the canal was difficult to follow. Small cyst in right ovary was rup- 
tured, left ovary was probably free of cysts or lutein tissue. Uterus 
was massaged and irrigated with mild solution of therapogen. 

January 26, 1923. The cervix remained unchanged. Yellowish- 
gray pus mixed with mucus was obtained upon massage and irrigation 
of the uterus. The uterus was flaccid, had poor muscle tone, and con- 
tracted only slightly when massaged. A small cyst in the left ovary 
was ruptured. Serological tests positive for Bacterium abortus infec- 
tion. : 

January 31, 1923. Cervicitis was. less severe. . The left uterine 
cornu was still flaccid with poor muscle tone. Two ounces of thin 
grayish offensive pus was secured upon massage. A small cyst, 1.5 
centimeters in diameter, in left ovary was broken. No evidence of 
lutein tissue in either ovary. Uterus was irrigated with hot saline 
solution and massaged vigorously. 

February 5, 1923. Cervicitis now very mild. Very little pus found 
upon massaging uterus. Ovaries and uterine tubes normal. 

February 16, 1923. Involution completed. Uterus was free of 
pus and all organs were apparently normal in position, size, and 
contour. 
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February 27, 1923. Animal was killed and found free of gross 
changes or alterations of the reproductive organs. Cultures from the 
various organs remained sterile. 


AUTOPSY FINDINGS 


The wall of the right cornu was 8 mm. thick, while the wall of the 
left cornu was 1 cm. thick. The cervix was 11 cm. long and the 
mucous membrane appeared normal. The mucous membrane at the 
beginning of the body of the uterus was reddish brown in color and 
had the appearance of being hyperaemic, serous surface of cornua con- 
gested. The carunculae in left cornu were 2 cm. by 1 cm. Carun- 
culae in right cornu were 8 mm. by 5 mm. The entire mucous 
membrane of both cornua was reddened and swollen, more pronounced 
in left than in right cornu. Both ovaries were normal in size and 
contained in cortical region several follicles of various sizes. The 
right ovary showed on the surface a small wound containing blood, 
which indicated that this animal ‘had recently ovulated. The oviducts 
were normal in size and position. 


CASE NO. 15 


This cow gave birth to a heifer calf on January 14, 1923. Fetal 
membranes were expelled within twelve hours. 

January 15, 1923. The vagina was found to be injured as tho 
torn during delivery. Cervical canal was almost closed, but some 
of the mucous plug of pregnancy was still intact. Uterus had con- 
tracted fairly rapidly and possessed good muscle tone. Serological 
tests were positive for Bacterium abortus infection. 

January 17, 1923. Right vaginal wall just inside vulva quite 
badly injured but the wound did not extend into the fibrous coat. A 
large blood clot filled the wound but it was not interfered with. 

January 23, 1923. lLacerated part of vagina showed the begin- 
ning of necrosis. Small part of serous coat of rectum adherent to 
roof of vagina. Uterus was contracting fairly rapidly. Vagina was 
douched with a hot saline solution._ 

January 26, 1923. Examination showed vaginitis to be less 
severe. Small pieces of the vaginal mucous membrane had sloughed 
away. Manual vaginal and rectal explorations caused pain, which 
was evidenced by severe straining. Vagina was douched with hot 
saline solution. 

February 5, 1923. Vaginitis and cervicitis were less severe, and 
corpus luteum had disappeared. The uterus was found to contain a 
small amount of pus, was massaged and irrigated with a mild solution 
of therapogen. 
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February 16, 1923. Animal now in good condition, all organs 
being apparently normal. 

March 5, 1923. Cow was in estrum and bred. 

April 6, 1923. A diagnosis of pregnancy was made, she was then 
slaughtered and found pregnant, conception having occurred in left 
uterine cornu. Corpus luteum of pregnancy present in left ovary: 


CASE NO. 16 


A purebred Jersey cow gave birth to a strong and healthy bull calf 
on January 28, 1923. Calv:ng occurred at 8:30 p.m. Fetal membranes 
were expelled at 11:45 p.m. 

January 29, 1923. The uterus was contracting rapidly and the 
cervical canal was almost closed. A small portion of the mucus plug 
was found clinging to the external cervical folds, which were hyper- 
aemic and hypertrophic. Uterine blood vessels were full and ee 
ing. A corpus luteum was present in the right ovary. 

February 10, 1923. Corpus luteum persisted in the right ovary. 
An abundance of reddish brown mucus was being discharged from 
the uterus. External portion of cervix was hypertrophic, muscle tone 
of uterus strong, tho uterus was enlarged 4 to 5 times. The right 
uterine horn was the larger. 

February 2, 1923. Calf became ill with a violent form of white 
scours. 

February 4, 1923. Calf died. Cultures made trom the lungs de- 
veloped a few colonies of B. coli. All other tissues cultured proved 
sterile. 

The cow was examined again on February 21, 1923, when a large 
corpus luteum was found in the right ovary. The cervix was much 
smaller and almost normal. The uterus was normal in both position 
and conformation. 

Indications were that this cow would suffer delayed estrum unless 
the corpus luteum rapidly degenerated. Conditions would have justi- 
fied one in calling this a retained corpus luteum, and it would in all 
probability have to be removed. Serological tests negative for Bac- 
terium abortus infection. 

March 26, 1923. The corpus luteum had disappeared from the 
right ovary, but the symptoms of estrum had not been observed. On 
April 10, 1923, a newly formed corpus luteum in the left ovary was 
removed and the herdsman was instructed to watch closely for signs 
of estrum. 

April 14, 1923. In season and bred. 
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May 23, 1923. A diagnosis of pregnancy was made. Corpus 
luteum of pregnancy was present in left ovary. 

Pregnancy terminated January 23, 1923, when a strong, vigorous, 
| 62-pound calf was born. Fetal membranes were promptly expelled. 
Parturient paresis developed on January 24, but a good recovery was 
made. Involution was rapid and the general physical condition was 
good. Examination on March 1 showed that the estrous cycle had 
not yet been re-established and that the corpus luteum was retained. 
Estrum appeared March 3, at which time the animal was bred. The 
corpus luteum of the recent pregnancy was still retained. This cow 
is fourteen years of age and has been at University Farm since 1915. 
During this period she has calved successfully nine times. She has 
twice been affected with parturient paresis, the first attack occurring 
in the summer of 1915. 

CASERNO@ NW 17 


Cow showed signs of abortion on January 28, 1923. Physical 
examination revealed the presence of amniotic sac engaged in cervical 
canal and vagina. Cervical canal was well dilated but uterus was more 
or less inert so far as muscular contractions were concerned. The 
fetus was presented posteriorily, was edamatous and dropsical. Fetal 
membranes were filled with gelatinous fluid and two to three inches 
through. Abdominal cavity of fetus was filled or distended with sero- 
gelatinous fluid. Stomach contents consisted largely of what was 
apparently a semi-liquid mucus. The fetus was approximately six to 
six and one half months in development. The cow was badly shrunken, 
very thin, and the appetite was capricious. There was a painful swell- 
ing of the right front carpal joint. This condition, together with an 
acute attack of indigestion was first noticed on January 26, 1924. 

Examination on January 29, 1923, presented the following symp- 
toms: Temperature normal, inappetance, feces soft and covered with 
mucus. The animal was gaunt, but not depressed. Was not straining, 
altho the fetal membranes were still attached. Entire attachment con- 
fined to left cornu. Right cornu involuted to the extent that only two 
fingers could be inserted into the lumen. The cotyledons in the non- 
gravid horn could not be palpated. In douching the uterus, muscular 
contractions were stimulated, so that the hand could not be removed 
until the organ relaxed. A small corpus luteum persisted in left ovary. 
Cervical canal closing slowly. 

Stomach contents of fetus cultured for B. abortus Bang and a 
luxuriant growth was secured in pure culture. Cultures of dropsical 
fluid remained sterile. 
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January 31, 1923. Cervical canal was closed to the extent that it 
would allow the passage of only two fingers. Right cornu was almost 
back to normal size and the fetal membranes were apparently not 
attached in non-gravid cornu. Neither were the carunculae markedly 
enlarged. Fetal membranes were still very firmly attached in left 
cornu and the muscle tone of this part was very good. Apex of left 
cornu was turned up along side body of uterus and when palpated 
was very tense and sensitive. Both ovaries were palpated and there 
was no sign of a corpus luteum in either ovary. Uterus was irrigated 
with four gallons of a normal salt solution. Temperature was normal, 
but the appetite remained poor. Rumination had ceased and the feces 
were hard and scanty. Laxatives and tonics were administered. 

February 1, 1923. Cervical canal was open but would allow the 
passage of only a small catheter. No evidence of severe cervicitis. 
Right uterine cornu was almost normal in size and position. Both 
ovaries were palpated and found to be free of corpora lutea. Muscle 
tone of uterus was improved and after irrigating with hot saline solu- 
tion a piece of placenta was secured and with traction aided by mas- 
sage of the uterus, the fetal membranes were removed. The apex of 
the left uterine horn was firm and contracted vigorously when mas- 
saged. Tonics and laxatives were again given. Temperature was 
normal. Appetite was more or less capricious. 

February 5, 1923. General improvement of animal was noticed. 
Uterus was massaged and irrigated with normal salt solution. Sero- 
logical tests were positive for Bacterium abortus infection. 

February 10, 1923. Animal showed marked improvement. Uterus 
near normal in size and position. No corpus luteum in either ovary. 
Cervicitis was less severe. Small amounts of mucopus were being 
intermittently discharged. Emaciation was pronounced but appetite 
was greatly improved. Uterus was improving. Two hundred and 
fifty mils of thick creamy pus was removed from the uterus by mas- 
sage. The pus was thick, grayish-yellow, and malodorous. Condition 
of cervicitis was improving, but improvement was slow. 

February 19, 1923. A large corpus luteum was removed from the 
right ovary. This corpus luteum was either deeply situated in the 
ovary and in this way passed or escaped detection until this date; or 
the cow ovulated and a new corpus luteum resulted, as is the regular 
procedure. The latter explanation is probably not correct, but it 
seems almost impossible repeatedly to mistake or overlook a corpus 
luteum of that size, even tho it was deeply imbedded. The uterus was 
near normal in size and position, had fairly good muscle tone, and 
gave off only a small amount of mucopus upon massage. The cervix 
was near normal. 


im 
| 
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March 2, 1923. Two small cysts, approximately 8 mm. in diameter, 


| located in each ovary were broken. The one in the right ovary 
_ formed where the corpus luteum was removed on February 19. Cer- 
| vix was normal. Uterus had good tone, was free of pus formation, 


and the animal was improving rapidly. She was gaining weight, 
increasing in milk production, and was eager to exercise. 
March 6, 1923. Cervix and cervical canal now normal. Mucus 


containing particles of pus located in the vagina. There were six cysts, 


approximately 0.5 to 1.5 centimeters across, located in the ducts of 
Gartner. Uterus, ovaries, and tubes were normal. Muscle tone of 


| uterus was good. 


March 14, 1923. In season and bred. 

April 16, 1923. In season and bred. 

June 17, 1923. In season and again bred. On July 30 living abor- 
tion vaccine was injected and on September 27 was rebred. On 
November 15 she was pronounced in calf. 


CASE, NO: 18 


This heifer aborted twin fetuses on March 29, 1923, male and 
female approximately six months in gestation. Fetal membranes were 
dropsical and fairly firm at points of attachment. A large portion of 
fetal envelopes was removed on March 30, 1923, and the uterus was 
irrigated with normal saline solution. 

March 31, 1923. Uterus was again irrigated and a small portion of 


fetal membranes was removed. Muscle tone of uterus was strong and 


cervical canal was gradually closing. 

April 2, 1923. Uterus was irrigated and gently massaged. Muscle 
tone was near normal. Uterine discharge was reddish-brown and 
malodorous. Animal gradually improving, appetite only fair, but there 
was no straining and the back was not arched. Serological tests were 
positive for Bacterium abortus infection. 

April 19, 1923. In estrum. Muscle tone was good. Heat fluid 


was abundant but contained small particles of pus. Cultures were 


negative for Bacterium abortus Bang. No corpus luteum in either 
ovary. 5 

May 4, 1923. In estrum and bred. 

May 30, 1923. In estrum and bred. 

June 15, 1923. Was rebred, after which there was cessation of 
estrum until September 10, when it again occurred. At this time there 
was a small cyst in left ovary. The cyst was ruptured and on Sep- 


~ tember 27 she was rebred. Experimental animal inoculated with pla- 


cental extract was negative to Bacterium abortus infection. 
November 5, 1923. Cow was examined and pronounced pregnant. 
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CASE NO. 19 


A heifer gave birth to a bull calf on June 6, 1923. Presentation 
anterior. The fore feet extended with lateral deviation of the head. 
Fetus was removed with considerable traction after presentation was 
corrected. This calf had prominent goiter... Blood samples were col- 
lected from both calf and dam, also a sample of milk and a small 
portion of placenta. Blood of both cow and calf was negative to sero- 
logical tests for Bacterium abortus infection. The milk as well as the 
animal inoculated with placental extract was negative for Bacterium 
abortus infection. 

June 8, 1923. A portion of the fetal membranes was removed. 

June 9, 1923. The vagina was irrigated with mild antiseptic solu- 
tion. Tonics and intestinal antiseptics given per orum. 

June 11, 1923. The vagina was irrigated and tonics and intestinal 
antiseptics were again given per orum. Pathologic changes now were 
vaginitis, metritis, and enteritis, the latter being evidenced by profuse 
diarrhea. There was inappetance and the temperature was elevated to 
104 degrees F. 

June 12, 1923. Uterus was irrigated with a hot saline solution. 

Muscular contraction of uterus was more vigorous, altho there was 
active inflammation of a severe type. A portion of fetal membranes 
was still retained, and an offensive odor was given off with the uterine 
discharge. Condition of vagina was improving. Temperature 103 
degrees F. Appetite fair, and no further evidence of diarrhea. Tinc- 
ture of nux vomica and an intestinal antiseptic (creolin) were again 
given per orum. 

June 13, 1923. Vagina irrigated with hot saline solution and 
uterus gently massaged. Condition of uterus improving. Vagina also 
improving. No signs of diarrhea. Feces were normal. Appetite fair. 
Nux vomica and intestinal antiseptics were continued. 

June 15, 1923. Paravaginal abscesses, two in number, were located. 
The one on the right side was approximately 14 by 10 cm., that on the 
left side, 10 by 6 cm. The contents of abscesses were caseated and the 
walls were apparently very heavy. Cervicitis severe, uterus flaccid, 
muscle tone poor with little or no contraction. Contents of uterus 
were liquid in consistency, reddish brown in color, and gave off a very 
offensive odor. Involution was seriously delayed. Diarrhea had been 
controlled. Uterus was massaged but not irrigated. Small portion of 
fetal membranes still retained and a few of the cotyledons could be 
palpated. 

June 18, 1923. Paravaginal abscesses have receded to one half 
maximum size attained, and very hard. Uterus contracting fairly 
rapidly, and the remaining fetal membranes had been expelled. 
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June 23, 1923. Contraction of uterus continued to be rapid. 
Uterine discharge consisted mainly of mucus. Cervical canal was 
near normal. Injuries of the vaginal mucous membrane have been 
entirely repaired. Abscesses have almost disappared, having termi- 
nated in small indurated areas. 

June 27, 1923. Posterior third of vagina was constricted as a 
result of the injured mucous membrane. Cervical canal was appar- 
ently normal. The apex of the right cornu was adherent to the oviduct 
and ovary. These structures were adherent also to the broad ligament 
and omentum. Both cornua were approximately normal in size and 
there was no evidence of infection having involved the left ovary and 
oviduct. 

July 3, 1923. Animal was killed and autopsied. 


AUTOPSY FINDINGS 


The uterus had almost attained its normal non-gravid size and 
position. The left uterine cornu was still slightly enlarged and elon- 
gated. The right cornu was at the apex adherent to broad ligament, 
oviduct, ovary, and omental fat. Three small abscesses, approximately 
one cm. in diameter, on dorsal surface of wall of right cornu, and 
adherent to the muscle below and the fat above. Oviduct contained 
pus and was partly buried in adhesions. - Right ovary was buried and 
slightly cystic. No corpus luteum in either ovary. No lesions in left 
ovary. Uterine mucosae slightly reddened and covered with a small 
amount of mucopus. Carunculae in each cornu were about of equal 
size, those in left being the larger and more prominent. The left ovi- 
duct was normal, there being no evidence of cervicitis. Vaginal 
mucous membrane normal. Peri-vaginal abscesses small, walled off, 
and partly surrounded by fat necrosis. The pus in all the abscesses 
was yellowish-green, pasty, and malodorous. The animal suffered 
with placentitis and severe injury of the vaginal mucous membrane. 
The left ovary was normal and showed no signs of lutein tissue. 

Results of bacteriologic examination: Abscess involving right 
ovary and oviduct gave growth of B. coli communior. Left ovary and 
oviduct gave growth of Staphylococcus pyogenes albus. Peri- and 
paravaginal abscesses gave growth of a streptococcus and B. coli 
communior. 
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SUMMARY 


Involution consists of numerous and interesting phenomena, the 
most important of which is the reduction in size of the uterus. The 
act of involution offers a barrier to infection, but when sepsis occurs 
involution is stopped or retarded. The uterus which regresses rapidly 
in size and possesses normal muscle tone does not readily absorb bac- 
teria or their products. In cows in which the act of parturition is» 
normal and the fetal membranes have been promptly expelled, regres- 
sion of the uterus as a rule is very rapid. The uterus will in many 
cases resume its non-gravid position and morphology within to days. 
However, in a large number of cows which have apparently calved 
normally in every way and which to all appearances do not develop 
infection, 2 or 3 weeks are frequently required before the uterus is 
completely reduced. 

The entire amount of time required for the completion of the 
various phenomena of involution varies from 30 to 40 days. 

The relation of the corpus luteum to involution is not known, but 
in certain cases of uterine affection, particularly pyometra, in which 
involution is retarded or entirely stopped, the early removal of the 
corpus luteum is followed by vigorous muscular contraction of the 
uterus, resulting, in evacuation of its contents and restored normal 
function of the reproductive organs. 

Retention of the fetal membranes is a serious menace to involution, 
and not only produces subinvolution, but seriously interferes with the 
immediate health of the cow and endangers her ability again success- 
fully to reproduce. 

Bacterium abortus Bang is capable of producing extensive and 
severe placentitis with infiltration and oedema of the chorion. 

Retardation of involution as a result of sepsis, which may affect 
not only the uterus but the oviducts and ovaries as well, is usually due 
to pyogenic bacteria. In these cases suppurative inflammation is not 
uncommon. 

Among the organisms frequently found are the Bacillus pyogenes, 
Staphylococci, Streptococci, B. coli, and other pyogenic organisms. 

Successful control of bovine infectious abortion will mean a greatly 
reduced percentage of cases of retained fetal membranes, which in 
turn will reduce the cases of subinvolution and subsequent disorders 
of the reproductive organs resulting in either temporary or permanent 


sterility. 
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ADDENDA 
CASE NO, 1 


A second calf was born on September 12, 1923. She was bred 33 
days following parturition, and calved again on September 9, 1924. 
Estrum occurred on October 1, at which time she was bred. Signs 
of estrum again appeared on October 21, and the cow was rebred. 
On January 22, 1925, this animal was pronounced as being with calf. 


CASE NO. 4 


This cow again calved at term on August 26, 1924. Placentitis 
was severe. The fetal membranes were retained. Only slight areas of 
necrosis of the placental and interplacental tissues were observed. The 
inflammatory changes later extended to the serous coat of the uterus, 
which resulted in loss of appetite, elevation of temperature, and rapid 
emaciation. Treatment was administered regularly until October 7, 
1924, when the patient had recovered. Extensive lesions of the left 
ovary and oviduct together with numerous adhesions, led us to believe 
that her fertility would be greatly reduced, if not entirely suspended. 
The cow was slaughtered on October 30, 1924. 


AUTOPSY FINDINGS 

Massive adhesions involving the uterus, vagina, bladder, rumen, 
and omentum. A large abscess involved the left ovary. The left 
oviduct was buried in adhesions and difficult of recognition. Numerous 
small abscesses were present in the muscular and serous coats of the 
uterus. The right ovary was cystic while the right oviduct was ap- 
parently normal. The mucous membrane of the uterus was normal. 
The mucous membrane of the uterine cervix showed the presence of 
chronic inflammatory changes. This cow was rather remarkable in 
that she calved successfully three times, tho each gestation was accom- 
panied by extensive placental disease. 


CASE NO. 5 
This cow reacted to the tuberculin test and was slaughtered Novem- 
Pen 20, 19023. ; 
CASE, NO: 6 
This cow is now in calf and is due to freshen in April, 1925. 
CASEPNOR7, 
Cow calved again successfully October 28, 1924. She is at the 
present writing again with calf. 
S ECASE NO: 9 


Parturition again occurred on October 1, 1924, and at the present 
time she is with calf. 
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CASE NO. to 


Was sold October, 1923. Cow was pregnant. 


CASE NO. 11 


This cow gave a positive reaction to the serological tests used in 
the diagnosis of abortion disease. Involution was completed in ap- 
proximately twenty days. This animal was considered as being espe- 
cially dangerous as a spreader, and as her breeding and conformation 
were not particularly desirable, she was sold for slaughter. 


CASE NO. 12 


During September, 1924, it was discovered that the fetus had suc- 
cumbed and was undergoing the process of mummification. Removal 
of the corpus luteum resulted in expulsion of the dessicated cadaver. 
Involution progressed in a normal manner and at the present time 
she 1s again in calf. 


CASE NO. 3 


Cow again calved successfully on January 5, 1924. Fetal mem- 
branes were expelled promptly. A few months later this cow suffered 
a severe injury to the left hock joint and was later sold for slaughter. 


CASE NO. 16 


Parturition occurred again on December 8, 1924. A small portion 
of the fetal membranes was promptly expelled, but the remaining por- 
tion, owing to placentitis, was very firmly attached. Failure to expel 
the remaining membranes retarded involution, and the inflammatory 
changes involving the uterine mucosa extended into the muscular and 
serous coats. The result was inappetance, elevation in temperature, 
stiffness of gait, and mastitis. Recovery was slow, but estrum occurred 
in March, 1925, at which time she was considered to be in fair physical 
condition. . 


CASE, NO. 17 


Normal parturition occurred in August, 1924. The fetal membranes 
were retained and were removed manually 48 hours later. Involution 
was retarded. Inflammation of the uterus became very extensive and 
finally was complicated with a severe form of mastitis. Emaciation 
was progressive and as the entire udder was so extensively involved 
with inflammatory changes, particularly abscessation, it was deemed 
advisable to slaughter. 
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AUTOPSY FINDINGS 


The cow was destroyed in November, 1924. The reproductive 


| organs were normal in appearance. The uterus so far as could be 
| determined macroscopically had completed involution. The gland tissue 
_of the udder was markedly atrophied, small areas of necrosis were 
| numerous, and many small abscesses were found in various portions 
| of the udder. 


CASE NO. 18 


Estrum appeared in March, 1924. A physical examination showed 


| that conception had not resulted from the September service, altho an 
) early abortion may have occurred. Cystic degeneration affecting both 
| ovaries developed soon after the signs of heat and altho treatment was 


applied at regular and frequent intervals, the patient gradually became 
a nymphomaniac. She was condemned as incurably sterile and was 
sold for slaughter. 
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Fig. 1. Prolapse of the Vagina 


The hypertrophic folds of the external Os of the cervix are shown in the center. The 
cervical canal is dilated and a mucus discharge can be seen clinging to the edge of the Os. 
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Fig. 2. Chronic Cervicitis 


The external Os of the cervix is prolapsed and is markedly hypertrophied. The cervical 
canal is dilated and there is a copious discharge of mucopus. 


Fig. 3. Uterus Showing Final Stages of Involution 


The deep longitudinal furrows of the muscle are clearly shown. A corpus luteum whicl 
projects above the surface can be seen in the right ovary. 


Fig. 4. Acute Metritis of a Severe Type. in Which the Inflammation has Extended to the 
Muscular and Serous Coats 


Extensive adhesions involve the left uterine cornu, tube, and ovary. 


Fig. 5. Uterine Tube or Oviduct Showing Condition Known as Hydrosalpinx 


This is the result of an acute inflammatory process, which is characterized by pus 
formation. The pus is absorbed and replaced by a clear watery straw-colored fluid. The 
tube is enlarged, very tortuous, and thin-walled. Adhesions are extensive. 
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Fig. 7. Ovary and Oviduct Affected with Suppurative Inflammation 


The ovary has been converted into a large abscess. The abscess wall is not especially) 
thick but is more dense than the wall of the ovary which is cystic. Massive adhesions havé 
obscured the greater part of the oviduct. 


Fig. 8. Genital Organs, Showing Presence of Inflammation of Uterus and Cystic 
Degeneration of the Ovaries 


The ovaries are greatly enlarged and contain a clear watery fluid. The ovarian walls 
are thin and as a rule can be easily ruptured. o 
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THE GUINEA PIG 


C. P. Fircu and R. E. LusBEHUSEN 


The use of small animals has played an important role in the isola- 
tion, study, and ultimate identification of pathogenic organisms in in- 
vestigations of human and animal disease. Many advancements in our 
knowledge of disease have depended largely upon the utilization of the 
guinea pig and rabbit as means of study. Such study embraces the 
observation of the direct effect of the disease process upon the labora- 
tory animal during life; or the examination of postmortem lesions, both 
gross and microscopic, together with recovery of the disease-producing 
organism for subsequent identification. 

In our investigational work of bovine infectious abortion, guinea 
pig inoculation has been an invaluable aid from the standpoint of both 
diagnosis of infection and isolation of the organism for study from a 
variety of sources. As B. abortus Bang infection in guinea pigs does 
not usually manifest itself in any striking manner during life, the ulti- 
mate diagnosis of such infection has depended thus far upon serologic 
tests and the isolation of the organism by the direct culture method. 

Many investigators have described postmortem lesions which have 
been observed in known cases of Abortus Bang infection in guinea pigs, 
Fabyan(1), in his studies of the pathogenesis of B. abortus Bang, de- 
scribes in detail the gross and microscopic pathological changes of vari- 
ous organs of guinea pigs so affected. Schroeder and Cotton(2) ob- 
served certain lesions in guinea pigs resulting from the injection of milk 
which in many instances were confused with tuberculosis, until bac- 
teriologic examination showed the causative organism to be B. abortus 
Bang. Smillie(3) has recorded in some detail the postmortem lesions 
found in guinea pigs inoculated with abortion-infected material from a 
variety of sources, and concludes: “Inoculation of guinea pigs with 
B. abortus Bang is regularly associated with an enlarged congested 
spleen. Other less constant lesions affect the testicles, kidneys, liver 
and bones.” Further “The spleen is the organ in which the bacteria “ 
are regularly present and in large numbers. Cultures must be made 


from it to insure success.” Meyer, Shaw, and Fleischner(4), in their 


study of the comparative pathogenicity of B. melitensis and B. abortus, 
conclude in part: “Experiments extending over several years support 
the well known fact that B. abortus may produce in guinea pigs an 
interesting inoculation, disease. However, the degree of tissue injury 
in the spleen and lymph nodes may vary considerably.” A study of the 
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results reported by these and other investigators reveals a diversity of 
opinion as to the constancy of certain postmortem lesions in guinea pigs 
infected with B. abortus Bang, and suggests that if such postmortem 
examination is to be of any value in substantiating the results obtained 
by serologic and cultural methods, the following points may well be 
considered: (1) Does B. abortus Bang infection manifest itself by 
gross pathological changes in certain organs? (2) If so, are these 
changes constant enough to prove of any value as an aid in diagnosis? 
(3) Does the source of the abortion infected material have any in- 
fluence upon the nature of the postmortem lesions? (4) Does the length 
of the period of inoculation influence the pathologic changes incident to 
the disease? It was in answer to these questions that our observations 
of the influence of abortion infection on the weight of the spleen of the 
guinea pig were instituted, as this organ in many instances gave 
gross evidence of pathologic involvment when infected with B. abortus. 

The data recorded herewith represent our observations on the 
autopsy of 87 guinea pigs in five years of investigational work in bovine 
infectious abortion. Infection in these pigs has in each instance been 
proved by direct culture and serologic test. The material with which 
these pigs were infected represents a variety of sources—fetal and pla- 
cental material, milk and colostrum, cultures, and miscellaneous. The 
guinea pigs used: in our routine inoculation of various materials of 
which the 87 positively infected ones herein recorded represent only a 
small percentage, were taken from supply stock without special regard 
to either age, weight, or sex. All pigs used were those that had made 
normal growth gains and were in apparent health at the time of 
inoculation. 


WEIGHING AND AUTOPSY TECHNIC 


After inoculation, the procedure of which will be discussed in con- 
junction with a review of the various charts, the pigs were confined in 
cages and allowed to remain for a variable period, ranging from three 
weeks to two months depending upon the nature of the material injected. 
Before autopsy all food was withheld for a period of 12 to 15 hours 
in order that the influence of the ingesta on the body weight would be 
approximately the same in all individuals. The animals were carefully 


: 


. 
| 
7 


weighed and the weights recorded in grams. All pigs were anesthetized 


by chloroform in an enclosed chamber and killed by severing the jugular. 
During this operation the blood was collected in a sterile centrifuge 
tube corresponding in number to the pig from which it was obtained, 
and set aside at ice-box temperature to be tested later by means of the 
agglutination test for the presence of abortion infection. The carcasses 
were next stretched upon metal trays and the hair coat of the abdomen 
was moistened with 5% phenol preparatory for autopsy. The skin was 
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Heeed along the median line from the pubis to the cariniform cartilage 
of the sternum, at which points transverse incisions were made extend- 
ing well toward the extremities. Dissection of the skin from the lateral 
abdominal and thoracic walls and reflexion of the entire muscular wall 
of these two cavities exposed the organs for observation. The spleen 
was removed by severing the gastro-spleenic omentum with sterile scis- 
sors and forceps. After removal, the spleen was transferred to a sterile 
petri dish and the omentum was removed as close to the hilus as possible 
without injury to the spleenic tissue. As the presence of varying 
amounts of this omentum would necessarily influence the weight of the 
spleen, great care was always taken that it was completely removed. 
After completing the further autopsy, the spleen was weighed on an 
analytical balance and the weight recorded in grams to the third dect- 
mal. After obtaining the spleen weight, the substance of the organ was 
next cultured by direct transfer to serum agar. The following data 
were thus obtained : 

1. Body weight in grams. 

2. Spleen weight in milligrams. 

.3. Blood for serologic tests to check infection with B. abortus Bang. 

4. Direct culture of the spleenic tissue further to check B. abortus 
Bang infection. 

The data obtained in the autopsy of 87 positively infected guinea 
pigs showed that the body weights of these pigs ranged from 298 to 
917 grams. It at once became obvious that before any deductions could 
be drawn on comparative weights of spleens, the normal weight of this 
organ must be determined for varying body weights. 


DETERMINATION OF THE NORMAL WEIGHT OF SPLEENS 

For the mathematical determination of the normal weight of guinea 
pig spleens based upon the body weight, we are indebted to the work 
of Bessesen and Carlson(5). These investigators, after an extended 
study of 82 guinea pig autopsies and a careful comparison of the rela- 
tionship in the weight of certain organs and the body weight, were 
able to derive simple mathematical formulas to fit each growth curve. 
_ These formulas applied to the determination of the normal spleen weight 
were as follows: 


ae Ce j For body weight of 
a=.0032 b=0.08 c=0.000005 100-300 grams 
y=ax-+b+cx’ For body weight of 
a=0.00054 b=0.203 ¢=0.0000007 300-1000 grams 


y=Spleen weight in grams. 
x=Body weight in grams. 
a, b, and c are constants. 
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A comparison of the above method of computation with the spleen 
weights of many non-infected guinea pigs used in our work has shown 
it to be reasonably accurate, altho there are instances in which there is 
considerable variation, as these formulas are based primarily on average 
observations. However, their relative accuracy can not be questioned. 

Having the body weight, “x’”’, by direct measurement, we were en- 
abled by the use of the above formulas to compute the normal spleen 
weight in each case. We then had a basis for comparison of the effect 
of B. abortus infection upon the weight of spleens. 


PRESENTATION OF DATs 


In order that the statistical data obtained might be presented in 
concise form, graphs have been made. The charts are plotted with the 
spleen weight as the ordinate and the gross body weight as the abscissa, 
with the exception of Chart VIII, in which the number of days of 
inoculation represent the abscissa. To facilitate a direct comparison 
of infected spleens and norms, the normal curve based on the gross body 
weight was plotted on each chart. 


OBSERVATIONS 


GHAR TET 


Chart I is the graphic presentation of the variation in weight of the 
spleens of 87 guinea pigs infected with B. abortus Bang, without regard 
to source of material or number of days of inoculation. These 
weights range from 4.627 to 0.530 grams. In five individuals, or 5.7%, 
the weight of the infected spleens is below that of the computed norm. 
It is possible that the actual weight obtained in these instances represents 
the norm for these individuals, as none of them presents any marked 
difference from the computed norm curve. 
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Chart II represents the data of Chart I with the values plotted in 
the form of a mean curve. We find here that the average weight of 
all infected spleens is substantially above that of the norm curve, being 
1.695 as compared to 0.734 grams for the norms. 

These averages show that the weight of the spleen is materially in- 
creased in guinea pigs infected with B. abortus Bang. However, after 
a study of Chart I, the data of which present such a wide variation in 
weight of spleens, the following questions present themselves : (1) Does 
the source of the organism and possible virulence have any bearing upon 
the weight of the spleen? (2) Does the change in weight of the spleen 
bear any relation to the number of days of inoculation? Graphs were 
constructed on the basis of material injected and the number of days 
of inoculation in an effort to answer these questions. 
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CHART Tih, FETAL MATERIAL 


The inoculated material represented in this group consisted largely 
of fetal stomach contents. In the routine autopsy of feti, ligatures were 
placed at the esophageal and pyloric orifices of the stomach. After 
removal, a portion of the stomach wall was seared by means of a hot 
spatula and incised with a sterile sharp-pointed bistoury. The stomach 
contents were collected in a sterile container. When considerable 
amounts of mucous were present, it became necessary to dilute the ma- 
terial with physiologic saline solution before injection. The average 
amount of material injected ranged from 114 to 3 cc., given intra- 
peritoneally. 

Thirteen guinea pigs having an average weight of 576.4 grams were 
injected with the above material. The average number of days of 
inoculation for the group was 42.5. An analysis of the data of 
Chart III shows that material from the same general source gives rise 
to a variation in spleen weight ranging from 4.627 to 0.572 grams, with 
an average of 2.241 grams for the group. The spleenic norm of the 
13 pigs used, computed on the basis of average body weight, is equal 
to 0.738 grams. We find therefore that the average weight of infected 
spleens in this group has been increased approximately three times that 
of the normal. 
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CHAI 1TVe> PLACENTAL, MATTE RITATE 


Immediately upon the removal of placental tissue, the chorion was 
examined and portions of the numerous tufts showing gross evidence 
of pathological change were removed. The material thus obtained was 
placed in a sterile mortar and thoroly triturated with the addition of 
physiologic saline. From % to 1 cc. of this saline suspension of pla- 
cental tissue was injected intra-peritoneally. 

Nine guinea pigs having an average body weight of 550.6 grams 
were infected by this means. The average period of inoculation for 
this group was 43 days. 

It will be observed that the weights of infected spleens in this group 
with one exception range between 1 and 2 grams with an average of 
1.776 grams, while the norm computed on the basis of the average body 
weight for the group of nine is 0.7237 grams. This increase is found 
to be somewhat less than that shown in Chart ITI. 
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CHART V. MILK AND COLOSTRUM 


It has been our practice in studies in infectious abortion to make 
routine guinea pig inoculations with colostrum and milk from animals 
known to be infected with the Bang germ in order to determine its 
presence in these fluids. For this purpose approximately 1000 ce. of 
milk is obtained in a sterile flask from the four quarters of the udder 
and transferred to a sterile separatory funnel, where it is allowed to 
remain for 18 to 24 hours. At the end of this period samples of the 
milk are drawn into two 1oo-cc. centrifuge tubes and centrifuged for 
one and one half hours. The supernatant fluid is then removed and the 
sediment injected into a guinea pig, the amount ranging from 3 to 5 cc. 
At the same time a 5-cc. sample of whole non-centrifuged milk from 
the same cow is injected into a second pig. All inoculations are made 
intra-peritoneally. 

The data of Chart V represent 39 infected guinea pigs of an average 
weight of 548.5 grams. The average period of inoculation was 42.2 
days. While there appears to be a rather wide range in the weight of 
infected spleens, yet we find that only 7 of the entire 39 spleens show 
a weight exceeding 2 grams with an average of 1.492 grams for the 
group. The computed norm spleen weight based on the average for 
the group is 0.7340 grams. 
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CHART VIP BeABORTUS CULIURES 


The infective material of Chart VI is represented in part by cul- 
tures which were obtained from suspected abortion infected material 
and passed through guinea pigs for purposes of isolation of the Bang 
organism; also by stock abortion cultures for purposes of study of 
various properties. i 

Seventeen guinea pigs having an average weight of 547 grams were 
infected by this means. The average period of inoculation was 43.7 
days. e 

As may be expected when the nature of the infective material and 
the varying amounts injected are considered, the infected spleen weights 
vary to a considerable degree, namely from 0.564 to 3.788 grams, with 
an average of 1.815 grams. The average norm spleen weight for the 
group is 0.7093 grams. 


> eres 


SWYYO NI LH9/IM AGOG 
00L 099 029 096 OOS 09¢ O&b 096 


| 
4 a seesese 


OVE O06 


~ 


N 
SWYY9 N/ LHOIFIM NIFTSS 


sae. 
H 
: 
ypssee 
jeag <=" sag 
: 
eeeveet 
: sia 
St 
He 
PEE 
Het 
usueaasas 
sali 
H 
Ht 
E tt i tt F 
eee ee - + L + : 
E feast Gaal i 
seca HH ee 
- i a + H if 
—— rt + 
: . H + 
HH t 
= Ge eee : | 
Ht + +f seca eesea aeaaes ase = et z : = HH 
sueeeereeiiiie at tiara : ite = 
nite tH i wn Ete : #1 
site EEE Hi = = H —— — mafeseseaze 
= i i ee re : : 


18 TECHNICAL BULLETIN 24 


CHART VII. MISCELLANEOUS 


Infective substances represented in Chart VIII are made up of mis- 
cellaneous materials encountered in our routine examination of suspected 
abortion in diagnosis work and not included in the graphs previously 
considered. 

The abscess material was obtained from cases in which living abor- 
tion cultures had been used for vaccination purposes, and in which it 
was found necessary to drain the abscesses which sometimes resulted 
from this procedure. It may be observed that of the 9 guinea pigs in- 
fected with miscellaneous material, the 3 inoculated with abscess ma- 
terial show much ‘higher spleenic weights than the others. This may 
possibly be explained on the basis of virulence of the organism. With 
the exception of that of one pig injected with vaginal discharge, the 
remaining 5 spleens show very little variation in weight. 

The average weight of the 9 spleens represented is 1.505 grams, as 
compared with the computed norm of 0.7378 grams based on an average 
body of weight of 568.2 grams. The average period of inoculation for 
the group was 35 days. 
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CHART VIII PERIOD OF INOCULATION 


Chart VIII was prepared in order to determine the effect of the 
duration of time following inoculation on the weight of spleen. This 
graph was constructed with the abscissa representing the number of 
days of inoculation, and the ordinate, the spleen weight. The normal 
spleen weight was computed on the average body weight of the pigs 
inoculated for a definite period. For example, 3 pigs having an average 
body weight of 454 grams with a computed spleen norm of 0.5944 
grams, and an average infected spleen weight of 3.069 grams were in- 
oculated for a period of 28 days. No effort was made to classify the 
infected animals on a basis of materials used, as this phase of the ques- 
tion had already been considered. From the above example it will be 
noted that as the graph. values represent the averages of different num- 
bers of individuals, such values are only comparable to a relative degree, 
and in a sense are proportional to the number of animals considered. 
If the extremes as represented were to be eliminated when only one 
or two were considered per given period, the values would be regular in 
character and fall within comparatively narrow limits. After consider- 
ing these various factors, we may conclude with a fair degree of ac- 
curacy that after 24 days (the minimum represented) the length of the 
period of inoculation is not proportional to and does not materially affect 
the spleenic weight. 
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SUMMARY 


In order that the data obtained from our observations on the influ-- 
ence of various abortion infected materials may be compared, the follow- 
ing table is presented : 


Ay. norm, Ay. infected Av. No. of 
No. of pigs Av. weight spleen spleen days of 

Material inoculated of pigs weight weight inoculation 
Fetal yc) ae rece sean aie 13 576.4 0.7488 2,241 42.5 
Placenta yp ricesssa caterers iaters 9 550.6 0.7145 1.776 43.0 
1 G0) SRO ch Ones becca Wee RR PEM ee 39 548.5 0.7117 1.492 42.2 
Cultures, cic cna cbseternere 17 547.0 0.7108 1.815 43-7 
Miuscellameotsy gieiterincinereieheiets 9 568.2 0.7378 1.505 35.0 
87 558.8 0.7247 1.695 41.3 


We find that the average body weight and consequently the com- 
puted spleenic norm of the guinea pigs used for each group are not 
variable to any extent and therefore’ compare quite closely to the 
average for the entire 87 pigs. Again it, will be observed that with the 
exception of the miscellaneous group the length of the period of inocula- 
tion is very nearly equal, and even if we include the miscellaneous 
group, the average thus obtained does not differ materially from that 
of any one group. Therefore as the weights of the pigs, spleenic norms, 
and length of period of inoculation compare very closely in these various 
groups, we are justified in making a direct comparison of the infected 
spleen weights, as these represent the average of each group. 

While these observations indicate that there is an increase in the 
spleen weight of pigs infected with B. abortus Bang, yet considering 
that various other factors may give rise to spleenomeglia, such an in- 
crease alone can not be considered of diagnostic value without the 
actual demonstration of the organism. While it is true that in spleeno- 
meglia due to abortion infection there are gross and microscopic patho- 
logic changes that are quite characteristic, it is likewise true that 
B. abortus Bang may be recovered from spleens showing little or no 
gross change. It is because of these exceptions to the average that we 
can not place too much reliance upon the use of the spleen weight as 
an aid in the diagnosis of B. abortus Bang infection. 


CONCLUSIONS 


1. 5. abortus Bang infection in guinea pigs may and usually does 
give rise to a marked increase in spleen weight. 

2. Infective materials from various sources seem to affect the 
spleen weight in varying degrees. 

3. After the first 24 days (minimum considered) the length of | 
the period of inoculation bears no relation to the increase in the weight 
of the spleen. 


EFFECT OF B. ABORTUS BANG ON SPLEEN OF GUINEA PIG 


to 
w 


4. B. abortus Bang may be isolated from spleens which show no 
increase in weight or gross evidence of pathological involvement. 
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POTATO BREEDING METHODS 
By Frep A. Krantz 


INTRODUCTION 


The first improvement of the Irish potato (Solanum tuberosum, 
Linn.) probably occurred in prehistoric times. When the Spaniards 
invaded Peru in 1524 they found that the potato was a common article 
of food among the Indians, and that its cultivation was general over 
that region. The Incas of Peru had developed innumerable varieties 
which were adapted to the varying soil and climatic conditions of that 
mountainous country. Potatoes were introduced into Europe in the 
latter part of the sixteenth century. They came into general cultivation 
in Europe and North America about two hundred years later. It was 
not, however, until the beginning of the last half of the nineteenth 
century that progress was made in either Europe or North America, 
in producing varieties better adapted to the different soil and climatic 
conditions. In the forty-year period between 1850 and 1890 notable 
improvement in potato varieties was made in America. Our standard 
commercial varieties of today were originated during this period. Since 
1890, with the exception of the russet types of the Burbank and Rural 
varieties, whose occurrence was fortuitous and whose origin is obscure, 
little progress has been made in obtaining better varieties. The absence 
of progress has not been due to lack of effort, altho since 1890 emphasis 
has been placed on clonal selection instead of on the sexual breeding 
method which was practiced during the previous forty-year period. 
Improvement of varieties in Europe was contemporaneous with their 
improvement in this country. In Europe, however, considerable prog- 
ress has been made in recent years in the production of better varieties. 
It is of interest to note in this connection that the European breeders 
have never abandoned the sexual method of potato breeding. The im- 
portance of the potato crop in this country precludes the thought that 
the defects of the present standard commercial varieties will always be 
allowed to exist. It is therefore advisable to make a careful scrutiny 
of the different methods practiced in potato breeding for the purpose 
of a determination of their relative value to the plant breeder in the® 
production of improved varieties. 

The methods employed to secure improved varieties of potatoes may 
be conveniently divided into (1) clonal selection and (2) sexual 
breeding. These two methods are fundamentally different. The vari- 
ous modes of attack within these two methods will be discussed under 
separate headings. 
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The writer is indebted to W. H. Alderman and H. K. Hayes for © 


their encouragement of the potato breeding work, and for the many 
constructive criticisms and suggestions made during the progress of 
this study. 
CLONAL SELECTION 
PURE LINE THEORY 


Johannsen (18) considered a pure line to be the progeny of one or 
more self-fertilizations from a single homozygous ancestor. The pure- 
line theory has been extended to cover clonal or asexual propagation in 
both plants and animals. Johannsen worked with self-fertilized crops 
and found that selection within such a pure line was of no practical 
value. Similar investigations by Friwirth (10), Hutcheson (17), 
Hayes (13), and Love and Craig (26), with self-fertilized crops have 
been made and corroborate the results of Johannsen. While variations 
occur within such pure lines, these variations are found not to be 
inherited. 

Investigations on asexually propagated plants have been numerous, 
but owing probably to the nature of the material they have not been 
so conclusive as those with self-fertilized crops. For a review of the 
literature on clonal selection previous to 1916 see Dorsey (3). The 
evidence here presented indicates that in the potato and in the deciduous 
fruits the asexual progeny of a single original heterozygous individual 
may be considered as a pure line. This conclusion is further supported 
by the more recent work of Crandall (2) on the apple. In certain other 
vegetatively propagated plants, selection appears to be necessary in 
order to maintain the parental type. Stout (46), working with coleus, 
was able to isolate types differing from the parent plant in foliage colora- 
tion and in form of leaves. It is interesting to note that in coleus, Stout 
considers “several of the principal types’’ to have arisen by “fluctuating 
variations.” Shamel and co-workers (37, 38, 39, 40) have presented 
evidence purporting to show that selection in citrus is a practical method 
for improvement. Recently Sax and Gowen (36) have questioned the 
interpretation placed on these results in the light of the variability which 
they found that was due to known environmental causes. Isolated cases 
of mutations in pure lines derived from self-fertilized crops have been 
reported, but such mutations are too infrequent to be depended upon for 
a determinate system of breeding. In vegetatively propagated plants 
the importance of mutations in the production of new types appears to 
be dependent on the material. Mutations in the potato clone have been 
reported, but the results of investigation reported by East (4, 7, 8) and 
Krantz (21) indicates that the stability of the potato under asexual 
propagation approaches that of a pure line derived from self-fertilized 
crops. 
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RESULTS OF PRACTICAL INVESTIGATIONS 


Very few of the many experiments are of any value in determining 
whether new genotypes arising through mutations are sufficiently nu- 
merous to justify selection in the clone as a means of isolating them. 
Despite the fact that East (6) in 1910 called attention to the influences 
which tended to obscure the results of earlier investigators and pointed 
out that proper conclusions can be drawn only after controlled experi- 
ments upon an accurately measured character by the use of biometrical 
methods, the investigations since 1910 can hardly be said to show much 
improvement. For a review of the literature on clonal selection in the 
potato, the reader is referred to East (6) in rg10, Stuart (48) in 1915, 
and Krantz (21) in 1923. Progenies from both individual tubers and 
individual hills differing in productivity have been isolated. The ex- 
planation of this is clear when considered in the light of our present 
knowledge concerning degeneration diseases. It is significant that in 
spite of the many experiments reported on clonal selection in the 
potato, no types have been isolated yielding above the optimum of healthy 
seed stock of the variety. A few experiments have been reported on 
characters other than yield. Stewart (45) and Wellington (53) were 
unsuccessful in isolating types resistant to the degeneration diseases. 
White (55) was unable to isolate a different form of the white 
McCormick variety. 


PRELIMINARY WORK ON CLONAL SELECTION 


Kohler, in 1913, made a comparison of the progenies secured from 
planting round and long tubers of four seed stocks. The results, given 
in Table I, are taken from his unpublished data. 


TABLE I 
ForM oF TUBER OBTAINED FROM PLANTING Rounp and LonG TusBeErs oF THREE VARIETIES 
Shape of Mean ratio.of width Number of 
Plot Variety tubers to length of tubers tubers 
selected in progeny measured 
I mI IO Maid sn fnvelsiace ce ee 6 round P1005 2.306.072 166 
long Ti00; 1.31.01 129 
2 Green Mountain 5 .uc.0.5 ae round T.00: 1.24+.02/ 97 
- long — D.00%) 1524-02 60 
3 Rural New Yorker .........-.- round 1.00: I.30-+.0r 452 
long I.00: 1.29--.01 277 
4 Raval New Yorker ....<-...-.. round 1.00: 1.33-4.01 302 
long 1.00: 1.33.01 274 


In Table I are given the plot numbers, the varieties studied, the 
shape of the tubers selected, the mean ratio of width to length of tubers 
in the progeny, and the number of tubers measured in each determina- 
tion. As the progeny of each tuber was not kept separate, the results do 
not preclude the presence of different biotypes for form of tubers in the 
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varieties. They show that the differences in form observed in the 
parental stock were not due to the presence of different genotypes. 
Whether types exist within the variety which have arisen through 
mutation can be determined only by a systematic attempt to isolate 
them. Either mass selection of extremes over a period of time or 
individual tuber unit and hill selection would have to be undertaken 
to determine this point. In 1914, Wellington began extensive tuber 
tuber unit and hill selection studies but found the method to be 
impractical owing to the presence of degeneration diseases. In 1916, 
Wellington and Aamodt began a study based on mass selection. The 
basis of this study consisted in the fact that two growers had practiced 
mass selection in the Early Ohio variety for twenty years and had 
achieved what they considered improvements in yield and type. It was 
thought that a comparison of these two seed stocks with other seed 
representing distinct different regional types, would throw some light 
on the presence of biotypes within varieties and would also ascertain 
the practical value of clonal selection. As a large part of this study has 
been presented in a previous paper by the writer [Krantz (21)] only 
the summarized results will be given. 


EFFECT OF SELECTION FOR INCREASED YIELD 


Seed stocks from seven growers were used in this study. Six of 
these (Nos. 2, 3, 4, 6, 7, and 8) were obtained in the fall of 1916. 
The seventh (No. 9) was obtained in the spring of 1920. The seed 
stocks obtained in 1916 were tested for yield for four years at four 
different places in Minnesota, namely, University Farm, Duluth, Grand 
Rapids, and Crookston’. Seed stock No. g was given a yield test 
in 1920. 

The “Student method” (52) was used to determine the significance 
of the differences in yield obtained between the various seed stocks. 
The method is illustrated by a comparison of Nos. 2 and 7. 

The odds are 3.6 to 1 that the difference in yield between 2 and 7 is 
significant. In Table II the odds in fayor of a significant difference 
between any two lots is given. 


1 Thanks are due to O. I. Bergh, M. J. Thompson, and T. M. McCall for their co-opera- 
tion at the substations. 
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Yields of seed 


Yields of seed 


stock No. 2 stock No. 7 D Dt iGns 
205 261 —56 66.7 4,448.89 
203 202 I 9.7 94.09 
326 316 10 0.7 0.49 
44 71 = 27 37-7 1,421.29 
255 248 7 3x7, 13.69 
158 156 2 8.7 75.69 
286 207 Si ey 470.89 
206 197 9 Te 2.89 
245 197 48 37-3 1,391.29 
Bes 208 115 104.3 10,816.00 
150 130 20 9.3 86.49 
M=10.7 11) 18,821.70 
1,711.06 
)1,711.06=41.36 
Os ee 10.7 36 
S.D. ARES, 
P=0.7822 Odds=3.6 : 1 
TABLE II 


SIGNIFICANCE OF DIFFERENCE IN PropuCTivity BETWEEN SEED StTocKs 
Opps OBTAINED 


AS INDICATED BY THE 


Seed stock 3 4 6 7 8 
2h ion Sn 6:1 4il tk 
3 ZT II:l Eieae os 
4 Zit De Zan 
6 I4ti 18:1 
yf Zar 


* Selected for twenty years. 


The odds given show that there was no significant difference between 
the productivity of No. 2 and the other seed stocks. Mass selection for 
twenty years by the grower had failed to isolate a higher yielding strain. 
The greatest odds that there is a significant difference in yielding ability 
was obtained in the comparison of Nos. 6 and 8, both of which were 
unselected lots. If all the six seed stocks were of equal inherent pro- 
ductivity value, a difference as great as this could be expected to occur 
through chance alone in one out of three similar tests. Seed stock 
No. 9 was tested one year in comparison with Nos. 2 and 7. It gave an 
intermediate yield between them. q 


VARIABILITY BETWEEN SHE DeS LOCKS, OR WA WeARIET Y, 


Difference in yield between seed obtained from different growers of 
a variety have been pointed out by Macoun (27), Stuart (50), 
Rosa (30), Werner (54), Hardenburg (11), Moore (28), and other 
investigators. Stuart (51), in a recent paper, states: “Careful com- 
parisons of many strains by many observers in different localities and 
under different climatic conditions have demonstrated beyond any pos- 
siblity of refutation that certain strains are very much heavier yielders 


. 
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than are others of apparently equal merit. as far as outward appear- 
ances are concerned.” A theoretical basis for this belief is difficult to 
find. If mutations influencing productivity of seed stocks do occur, 
there is no reason for supposing that they occur more frequently in the 
seed stocks of some growers than in those of others, as they would 
always result in better yields or improved tubers. 

A few seedlings have been introduced into the trade which have 
not been sufficiently distinct in their characters to exist as sesarate 
varieties and have been merged under one varietal or group name. If 
such introductions were numerous it would offer hope that seed stocks 
of a variety from different growers might be enough different in yield- 
ing ability to justify an attempt to isolate the highest yielding. The 
history of potato improvement in this country seems to indicate that 
such introductions have been relatively few in number. 

It is not necessary to assume inherent differences in order to explain 
the cause of the differences obtained. In none of the tests reported have 
the factors of storage of tubers, disease, and soil heterogeneity been care- 
fully evaluated. While the later investigations have recognized the 
importance of disease as a factor influencing the results, and have ap- 
preciated the necessity of similar storage conditions for the various seed 
stocks to be tested, the factor of soil heterogeneity has received little 
attention. The coefficient of variability of a series of tests in which a 
single seed stock was used will be compared with a series of tests in 
which each test represented seed stock of a different grower. Each test 
consisted of three systematically distributed two-rod rows. The results 
obtained are given in Table III. They illustrate the importance that 
soil heterogeneity plays in influencing differences in yield. 

TABLE III 


COMPARISON OF VARIABILITY OBTAINED IN A SINGLE GROWER’S SEED STOCK WITH THE VAarI- 
ABILITY BeTwEEN NUMEROUS SEED’ StTocKs oF THE EaRLty OHIO VARIETY 


Year Seed used No. of tests GENE 

1921 Winmgle (Seem@eStOCke | Sag /scancw a's nieeatarstc ees ocre wl aera 40 11.30.85 
1922 BH SEEMMSEOCKS s 2.275 /shastathim waiayaps}elinPRcne. oh Menace 84 12.70.66 
1923 ingle seed st StOCka wacisyareinrclote set reiehereitpenslssesars ier. 112 10.0+0.45 


The amount of variability within a single stock was slightly less than 
within the variety, as judged by 84 random seed stocks obtained of the 
variety. The difference in the light of the probable error is not mater- 
ially significant. It is also manifestly impossible to secure 84 seed lots 
from different growers that are as uniform for such a factor as disease 
as the condition within a single seed stock. All the seed was obtained 
from growers of certified potatoes through the courtesy of A. G. Tolaas, 
in charge of seed potato certification, and in regard to freedom from 
disease they were the best seed stocks of the variety obtainable. The 
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lowest yielding lot yielded 170 bushels per acre and the highest 310 
bushels, a difference of 140 bushels per acre. A similar amount of 
variability, however, was obtained between tests from a single seed lot, 
which indicates that soil variability was the cause of the difference in 
yield obtained. Such variation in yields due to soil heterogeneity may 
normally be expected, as has been pointed out by Harris (12). A com- 
parison of the amount of variability due to soil heterogeneity in these 
plots with that obtained by Myers and Perry (29) is of interest. 


TABLE IV 
CoMPARISON OF VARIABILITY IN PoTATo Y1iELDs Dur to Sort HETEROGENEITY IN 
AT THE CoRNELL ExpERIMENT STATION AND Two PLoTs at THE 
Minnesota ExPERIMENT STATION 


One Puot 


Cornell experiment station Minnesota experiment station, Minnesota experiment station, 


(After Myers and Perry) 1921 1922 

Size No. Coefficient Size No. Coefficient Size No. Coefficient 

of of of of of of of of of 
plot tests variability plot tests variability plot tests variability 
Hills Hills Hills 

25 500 21.7 +.344 22 120 20.2+0.87 22 392 18.2+0.43 

50 250 Weg t=- 309 44 40 13-7+1.06 44 176 17.2+0.62 
Too 125 14.4+.443 Ornate ks BASaseNaratcle e 88 88 14.9+0.79 


he coefficients of variability obtained for the different sized plots 
shows that the amount of variability due to soil heterogeneity was very 
similar in the three experiments, and it is probably what may ordinarily 
be expected on plots which appear uniform for experimental purposes. 

The results of the study on productivity of the seed stocks lead to 
the conclusion that selection for twenty years by two growers has had 
no demonstrable effect in increasing the yield of these two stocks above 
the normal yield of the variety as judged by the yield of seed from five 
other growers. The results strongly suggest that there was no in- 
herent difference in productivity among the seven lots. A study of 
84 other seed lots of the Early Ohio variety indicates that there 
was no greater variability in productiveness between these than was 
obtained in similar tests with a single seed stock. Soil heterogeneity 
was apparently the greatest factor in causing variability in yield, and if 
differences in inherent productivity exist between seed stocks of this 
variety they are relatively very small. Comparative tests of certified 
seed potatoes are of value, however, as an aid to certification work, as 
they enable a critical study to be made of the various seed stocks in 


_ regard to the amount of disease present and the varietal purity. 


SELECTION FOR TYPE OF TUBER 


In the selection that was practiced by the two growers the emphasis 
was placed on type of tuber. Various tuber characters are concerned 
in the complex known as varietal type. An attempt at individual analysis 
of these was made for differences between the seed stocks. 
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Distinct differences existed between the original lots as regards form 
of tuber with the exception of Nos. 7 and 8, which were obtained from 
the same region. Each original lot was divided into four portions. A 
comparative test was made in 1917 at University Farm, Duluth, 
Grand Rapids, and Crookston. The form of the tubers produced at 
each of these places, as determined by observations, was similar in all 
the lots regardless of the original type. At each place the form of 
tubers was characteristic, and easily distinguishable from the types pro- 
duced at the other places. In 1918, the progeny of each original lot 
grown was maintained separately, divided, and redistributed. The four 
portions of each original lot were brought together in a comparative 
test in 1918. At least two comparative tests between the four portions 
of each original lot were made with each of the seven original lots. 
This gave an opportunity to compare the four portions of each lot at 
two or more places and to determine if the four different growth condi- 
tions in 1917 affected in any way the crop of 1918. It also gave an op- 
portunity to study further the progeny of the seven original lots for 
differences in type. The results were the same as in 1917. ‘The tubers 
of all the lots were of the same form at each place, and bore no relation 
to the form exhibited the previous year. In 1919 and in later years, 
measurements were made of the tubers of the progeny of five of the 
original seed stocks and similar measurements were made of seed stock 
No. 9, which was obtained in the spring of 1920. In Table V are given 
the number of the seed stock; years and place grown; form as indicated 
by depth, width, and length stated in percentage of total dimensions ; 
and the ratio of depth to width, depth to length, and width to length. 

In 1919 the greatest differences were obtained at Duluth between 
Nos. 2 and 7. The form of tubers of these two lots when grown at 
Grand Rapids, however, was the same. The results obtained in 1920, 
when these two stocks were again grown at Grand, Rapids, also sup- 
ported the observations made in 1917 and 1918, and lead to the con- 
clusion that inherent differences in form between these two lots did 
not exist. The form of tubers of the original seed lot, No. 9, which 
was obtained in the spring of 1920 from Hopkins, Minn., was distinc- 
tive. The tubers were long in relation to their depth and width, altho 
not abnormally so, the type being very good. The grower had practiced 
careful selection toward this type for twenty years. A test in compari- 
son with three of the other seed stocks, in 1920 and 1921, showed that 
this seed iot was of the same inherent form as the others for it immedi- 
ately assumed the same types as the other seed stocks with which it was 
grown in comparison. Both observations and measurements as given in 
the above table indicated this to be the case. ‘i 
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It is of interest to note the sensitiveness of tuber shape to a change 
in environmental conditions, as is incidently brought out in Table V. 
A study of this table shows that at no two places was the same tuber 
shape obtained. It clearly illustrates that hereditary differences in tuber 
shape within the variety are negligible as compared to the diffences in 
expression of tuber form brought out by changes in growing conditions. 


VARIABILITY IN TUBER FORM BETWEEN SEED STOCKS OF A 
VARIETY 


Seed stocks as obtained from growers frequently present distinct 
differences in tuber form. A progeny test to determine the nature of 
these differences showed that they are non-heritable. 

TABLE VI 


CorRELATION OF TUBER SHAPE OF ORIGINAL SEED SrocKs as OBTAINED FROM GROWERS WITH 
SHAPE OF PRoGENY WHEN GROWN IN A COMPARATIVE TEST AT THE NORTHWEST SUBSTATION 


Ratio of width to length of progeny 
1.636 1.40 ie4q° 2.48 0° 1.52" 7.56 1:60 —5.64 pet GumotaL 
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Ratio of depth to width of progeny 
E06. 1.08," RTO. IerS-) “tc 14 ero otal 


5 1.08 2 32 

~ 3 

2 OR 1.10 I 2 3 

Oo x 2 

co) o 

anes a7) T.12 I I 4 4 Hed Tee 

oon 

eos o Ded: 2 3 2 2 I 10 

Seis 

qe 1.16 2 3 5 
4 8 by 6 I I 31 

r= — .049 4.157 


In Table VI the average tuber form of seed as obtained from differ- 
ent growers is correlated with the tuber form of the progeny. All lots 
were grown at the Northwest experiment station, Crookston, Minn. 
under similar conditions. The coefficient of correlation obtained be- 
tween the parent stocks and their progeny when the average tuber ratio 
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of width to length in each lot was used as an index of form was 
—.004+.127. When the average of depth to width was used as an 
index, the coefficient of correlation was —.o49+.157. The coefficient 
of correlation is negative in both cases, tho mathemaically of no sig- 
nificance. The results show that the differences in tuber form between 
the seed as obtained from different growers was due to non-heritable 
factors. 

The results of the five years’ work show that the two growers who 
had practiced selection for twenty or more years had failed to isolate 
a form of tuber differing from the normal of the variety. It was fur- 
ther found that differences in tuber form between seed from different 
growers was not carried over to the progeny. The difference in form 
was evidently due to different growth conditions. 


SELECTION FOR OTHER CHARACTERS 


Observations were made on other tuber characters, in the original 
study of the seven early Ohio seed stocks, such as absence or presence 
of knobs and fissures, depth of eyes, prominence of eyebrows, color of 
tubers, and haulm characters. The study on these characters was simi- 
lar to that made on form of tuber. While marked differences existed 
in the tuber characters between the original lots as obtained, they were 
not found to be hereditary differences. They were found to be ex- 
pressed, unexpressed, or modified in their expression, depending upon 
the environmental conditions surrounding the development of the tubers. 

In this study of variability in the Early Ohio variety, the evidence 
obtained points strongly to the conclusion that important hereditary 
differences are not occurring in the variety as a result of mutations. 
No evidence was obtained that would justify the practice of any of the 
methods of clonal selection other than as an aid to the control of diseases. 


SEXUAL BREEDING 


The origin of our present commercial varieties is of interest in de- 
termining the value of sexual breeding in the improvement of the 
potato. Stuart (48, 49) has collected the important facts available 
concerning their origin. As previously stated, the period in which most 
of the important potato varieties were produced was between 1850 and 
1890. A few of the potato breeders during this period practiced 
hybridization. The most notable of these was Pringle. However, the 
large majority of the breeders grew seedlings from naturally set seed 
balls. The heterozygous condition of potato varieties led to sufficient 
variation in the seedlings to make this an encouraging line of work. 
These breeders introduced many promising seedlings into the trade. 
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Most of these seedlings have been eliminated in the struggle for com- 
mercial existence in the forty-year period since their introduction. 
Those seedlings that have survived constitute our present commercial 
varieties. Sexual breeding has given us-our present commercial potato 
varieties and it is this kind of breeding rather than clonal selection that 
offers possibilities for further improvement. 

A study of the possibilities of sexual breeding was made with ma- 
terial obtained during the progress of a potato breeding project which 
has been carried on at the Minnesota experiment station since 1921. 
Some breeding work carried on at the same station by Kohler from 
1g08 to 1913 furnished material which has aided in the progress of 
work. The studies of methods for securing improved varieties by 
sexual breeding will be discussed under the following headings: 
(1) Varietal crosses, (2) Selection within self-fertilized lines. 


VARIETAL CROSSES 


Most potato varieties produce insufficient viable pollen to make them 
dependable as pollen parents. Stuart (49) lists five varieties as de- 
pendable sources from which pollen may be obtained, namely, Early 
Silverskin, Irish Seedling, Keeper, McCormick, and Round Pink Eye. 
From the results of studies in pollen germination of 210 seedlings and 
miscellaneous varieties and from the records of several thousand 
crosses, Clark (1), Stout and Clark (47), concluded that McCormick, 
Busola, Keeper, and a few others were good pollen parents. Each of 
these varieties is inferior in many of its commercial characters to our 
present standard varieties. The varieties used as pollen parents in the 
study carried on in Minnesota are United States Department of Agri- 
culture seedling 14329 (an F, seedling of Keeper < Early Silverskin), 
Lookout Mountain (McCormick group), and an unnamed variety from 
South America. The following standard varieties were used as female 
parents, Early Ohio, Cobbler, Triumph, Green Mountain, Burbank, and 
Rural New Yorker. 

VIGOR OF F, SEEDLINGS 

A study was made of the vigor ‘of F, ‘seedlings as compared to the 
vigor of seedlings of the self-pollinated parents. Owing to pollen 
sterility, seed was obtained from only four of the parents. The results 
are given in Table VII. 

Four determinations were made of vigor. On July 2 height measure- 
ments were taken on each seedling. The average height of the seedlings 
in each row was then obtained. The results of the height measurements 
are given in column 1 of Table VII. On August 1, each row of the four 
series was given an arbitrary rating for vigor. The average rating for 
each progeny for the four seri¢s, with its probable error, was then 
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obtained. The results are given in column 2. On September Io each 
seedling was given an arbitrary rating for vigor. The data were then 
worked up by the same method as for the individual height measure- 
ments in the first determination. The results are given in column 3. 


TABLE VII 
CoMPARISON OF F, SEEDLINGS WITH THE SELF-SEEDLINGS OF THEIR PARENTS 


I 2 3 4 
Av. height Av.vigorof Av. vigorof Av. yield 
Name of parent or cross of seedlings, vine growth, vine growth, of seedlings, 
July 2 (cm.) Aug. 2 Sept. 10 Sept. 
(Green eNGOUAtaIN | Ah. ne ie alcuy ness 23.8+1.0 6.040.390 5.9 +0.40 4.70.31 
Green Mountain & U. S. D. A. seedling 
tol SG). 'y| whikoecl Sie tars ncciso ce aL eae CRCataen DIMER ROR 24.9-1.0 8.5 +0.30 6.50.40 6.10.31 
Wao, WAL Seedling 14320... ase ea es 19.9 +0.7 4.3 £0.20 4.8+0.22 5.30.19 
Early Ohio X U.S.D.A. seedling 14329 24.2+1.0 7.8+0.30 5.8+0.40 5.50.31 
AVI OI OM mentee ctad ease Teel stale hiss, «ih cs/54p) sha 20,04 0.6 72 Ont §.8+0.22 5.20.18 


Rural New Yorker K U.S. D. A. seed- 


Lng SN eG SN oat a gee 23.9+1.0 6,5 + 0.30 5:0+0.40 4.70.31 
Burbank & U.S. D. A. seedling 14329 22.6+1.0 B77 ASO: 30 4.50.40 4.3 420.31 
Triumph X U.S. D. A. seedling 14329 23.4+1.0 6.0+0.30 5.0+0.40 4.2+0.31 
Cobbler X U. S. D. A. seedling 14329 24.9+1.0 6.00.30 6.1+0.40 4.90.31 
Cobbler X Lookout Mountain......... 23.2: 1.0 8.7 +0.30 6.1+0.40 5.0+0.31 
iookemt Mountain cise scecs eee nese 16.6451,2 4.0+0.35 5.40.48 4.0+0.38 
Average of seedling of selfed parents... 20.3 5.4 5-5 4.8 
Average of F, seedlings .............. 23.9 7.0 5.6 5.0 


At time of harvest each seedling was rated for vigor on the amount of 
tubers it produced. The data on the individual seedlings were again 
compiled as in the first determination. The results are given in 
column 4. Four systematically distributed rows were grown of each 
progeny. The probable error was obtained by the “deviation from the 
mean yield” method. This method, presented by Hayes (15), is a modi- 
fication of the pairing method presented by Wood and Stratton (59). 
By this method the separate varieties in the trials are used. The devia- 
tion from the mean yield of each variety is expressed in percentage and 
[DF 

the formula applied, S.D.= VY N_ 
able error obtained by this method (P.E.=S.D.x.6745) with that 
obtained by the check plot method, pairing method (deviation not 
squared), and pairing method (deviation squared), with three crops, 
namely, wheat, oats, and barley, over a three-year period. He found 
that the probable error obtained by the “deviation from the mean yield” 
method approached the most closely that obtained by the check plot 
method. 

To determine further the value of the “deviation from the mean 
yield” method in working with a crop like potatoes, it was compared 
with the check row method in a test consisting of 352 rows two rods 
in length. By the’ check row method of computation the standard 


Hayes (15), compared the prob- 
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deviation obtained was 33.8-+0.9. By dividing the field into 88 units, 
each unit consisting of four systematically distributed two-rod rows, 
and applying the deviation of each of the four rows from the mean yield 
of the unit, a standard deviation of 32.3--0.9 was obtained. The re-- 
sults of this comparative test indicate that with potatoes the probable 
error obtained by the two methods will be of the same relative magni- 
tude. That the method may justifiably be applied to the tests made with 
seedlings seems reasonable in the light of the results obtained by 
Hayes (15) in crops grown from seed. In both methods it is assumed 
that the variability is reduced through replications according to mathe- 
matical expectation. That the actual reduction in variability obtained 
through replication agrees with the theoretical reduction expected, has 
been shown by many investigators in farm crops as reported by the 
committee of Standardization of Field Experiments of the American 
Society of Agronomy (25, 56, 57, 58). In potatoes the writer 
[Krantz (23, 24)] and Salaman (34) have shown that the actual re- 
duction in variability obtained through replication of rows agrees with 
the amount theoretically expected. A graphic illustration of the results 
obtained at Minnesota in 1923 is given in Figure 1. The two curves 
are in close agreement up to as high as 16 replications. 
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Fig. 1. Comparison of Actual Reduction in Variability of Yields Obtained Through 
Replication, with the Reduction Theoretically Expected 


A study of Table VII shows that the F, seedlings were slightly 
more vigorous than the seedlings obtained from the selfed seed of their 
parents. In two of the crosses, Green Mountain & U. S. D. A. 
Seedling 14329 and Early Ohio X U.S. D. A. Seedling 14329, seed- ° 
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lings were grown from both parents. In both instances the F, seedlings 
were more vigorous than the seedlings from either parent, as determined 
by growth of vine and yield of tubers. It is interesting to note that the 
increased vigor was apparent at a very early stage in the growth of the 
seedlings. Differences in rate of growth were noted while the seedlings 
were in the greenhouse previous to transplanting. 

The utilization of F, populations to secure improved varieties is 
limited, owing to the lack of pollen parents which have desirable com- 
mercial characters. The undesirable dominant characters of the par- 
ents, together with the undesirable recessives which are frequently 
hidden in the parents, make it difficult to obtain a seedling in the F, 
which has the desired commercial characters. 


SELECTION IN THE F, GENERATION 

One varietal cross, made for the purpose of combining certain de- 
sirable characters of the parents, has been carried through the F, gen- 
eration. Kohler, in 1910, crossed the Sir Walter Raleigh variety with 
an unnamed variety from South America for the purpose of securing 
a variety more resistant to tipburn. Sir Walter Raleigh, like the 
rest of the varieties in the Rural group, is less frequently injured by 
tipburn than most of our other commercial varieties. The foliage of 
the South American variety was even better in this respect than that 
of Sir Walter Raleigh. 

Some of the results of this cross have been published by the writer 
(22), and the difficulties involved in the use of parent material which 
is heterozygous and in which pollen sterility is present, have been 
pointed out. The results will be summarized here and the more recent 
data from studies made of the F, generation will be presented. 

The F, generation was very variable, owing to the heterozygous 
condition of the parent varieties. Segregation occurred in practically 
all of the important varietal characteristics such as habit of vine growth. 
type of foliage, time of maturity, coloration of stems, color of flowers, 
color of tubers, color of sprouts, shape of tubers, and depth of eyes. 
Sixty-six of the ro8 F, seedlings were discarded the second year, Six of 
the 42 seedlings which were grown the third year set seed and 3 of these 
seedlings were selected as parents for the F, generation. In a prelimi- 
nary progeny test one of the 3 parents appeared the most promising and 
a total F, progeny of 2400 seedlings was grown in 1922. A study of 
these seedlings was made to determine if their performance the first 
year grown from seed could be used as a basis for selection. 


SELECTION IN FIRST YEAR SEEDLINGS 
Stuart (50) mentions that selection can begin at the time of 
harvesting the first year seedlings. He states that all plants which have 
irregular tuber progeny, tubers with deep eyes, tubers with undesirable 
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color, or too numerous tubers, should be immediately discarded. The F, 
population of the cross between Sir Walter Raleigh and the South 
American variety was uniformly good for these characters but there 
was considerable variation in amount of vine growth, yield of tubers, 
and time of maturity. A study was made to determine if these char- 
acters in first-year seedlings were sufficiently representative of the geno- 
types of the seedlings to enable the elimination of the weak and late 
maturing seedlings in their first year without discarding too many yalu- 
able plants. 

Each seedling was arbitrarily rated the first year for vigor of vine 
by placing it in one of three classes, namely, weak, medium vigorous, 
and vigorous. (See Fig. 2.) The seedlings were rated for yield in a 
similar manner at the time of harvest. Time of maturity was obtained 
by recording the maturity of the plants every two weeks. The second 
year the seedlings were rated at various stages of growth for vigor of 
vine. The first rating was secured by measuring height of seedlings. 
Yield was secured for the first 500 seedlings by weighing the tubers 
produced. An arbitrary rating for yield was made on the remainder 
of the seedlings with sufficient numbers of the weighed progeny in- 
cluded to allow for a comparison of the two methods. 

; TABLE VIII 


CorRELATION BETWEEN VIGOR OF VINE GRowTH, YIELD OF TUBERS, AND PERIOD oF MATURITY 
oF SEEDLINGS IN THEIR First anp SEcoND YEAR 


' No. of Coefficient of 
Year Character Year Character individuals correlation 
1922 Yield 1923 Yield* 487 343 +.027 
te ‘ aie 219 417 + .037 
it ‘ 3 ae 168 1539 + .037 
‘6 Vine growth < Vine growth*§ 320 229 -+.035 
i “ ‘+ ‘ x fom ail 403 -329 +.030 
“ ce a “ “e “ce 7 142 355.049 
ne te ts a Rata Sate 3h -260 + .068 
ss Maturity s Maturity 568 .525 +.020 
oe Yield 1922 s 3171 .049 + .009 
192 . 1923 ef 326 —.120+.037 
“ “ 1922 as 638 © —.001+.059 
1922 Vine growth o a 350 198 +.035 
1923 ce ss § 1923 ss f 2 129) -077+.061 
“ee “ee “ee q “e “fF 425 .135-+.031 
x s ro all 1922 fe 558 .120+.028 
1922 sé es se Yield 1940 -601+.010 
1923 se es 1923 o , 327. -382+.034 
“e “ce “ee ll “ce ia 426 .341 +.029 
és Weighed yield oe Estimated yield 333 737.017 


* Seedlings were taken regardless of their time of maturity. 

7 Seedlings were taken which matured between Aug. 21 and Sept. 11, 1923. 

+ Seedlings were taken which matured between Sept. 11 and Oct. 4, 1923. 

§ Determination of vine growth in 1923 was made at 60 days after planting. 

|| Determination of vine growth in 1923 was made at 90 days after planting. u 
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The degree of relationship for the expression of the characters for 
the two years was ascertained by means of the coefficient of correlation, 
While data have been obtaind on 2400 seedlings, only a random sample 
has been used in the calculations. The coefficients of correlation are 


here summarized. 


Fig. 2. Representative Seedlings of the Three Classes into Which They Were Divided in Their 
First Year 
Upper left, Weak Upper right, Medium Vigorous. Lower, Vigorous 


TABLE IX 
CorRRELATION BETWEEN PERIOD OF MaTuRITy THE First YEAR AND PERIOD oF MATURITY THE 
Seconp YEAR IN SEEDLINGS 


Period of maturity, 1923 


-8/21 8/21-9/11 9/t1-10/4 10/4+ Total 
4 8 — 9/12 25 II 36 
£ 
Papen nso / 125 0/23, - 16 18 3 37 
She 
2B 9/23-10/ 9 43 108 32 2 185 
o§ a 
ero co 21 94 134 61 310 
105 231 169 63 568 


r=.525+.025 

, A high coefficient of correlation (.525++.025) was obtained between 
: the relative period at which seedlings matured in their first year and 
in their second year. Table 1X shows that the relative period of ma- 
: turity for different groups of seedlings in their first year is fairly repre- 
sentative of the relative period of maturity in their second year. The 
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data show that the time required for a seedling to mature in its first 
year is of value in determining its genotypic condition in respect to the 
length of growing season it requires. The correlation for yield for the 
two years was lower than that for period of maturity. As the yields 
are based on individual plants, there is a large error involved. The co- 
efficient of correlation indicates, however, that the yield of individual 
seedlings in their first year gives some idea of their yielding ability the 
second year. 


TABLE X 
CorRELATION BETWEEN YIELD OF SEEDLINGS IN First YEAR AND YIELD IN SECOND YEAR 
Yield in pounds in 1923 


0.5 1.5 2.5 3.5 4-5 5-5 6.5 736 8.5 9.5 Total 
2s I 30 27 33 17 5 2 2 116 
8 wa 
ae 3 2 27 52 73 63 38 14 19 I 278 
ae 
I 
oO 3 3 8 17 19 28 9 5 3 I 93 
60 87-123 99 71 25 17 4 I 487 


t= .348 ste O27 


The data on yield in Table X indicate that the relative yielding abil- 
ity of different families of seedlings in their first year gives some 
indication of what they might be expected to yield the second year. 
The reliance that can be placed on the yield of seedlings in their first 
year will depend on the results of further tests under conditions where 
sufficient stock of each seedling is available for an adequate field test. 
These preliminary results suggest that the yield of seedlings in their 
first year may be of sufficient value for selection purposes to justify 
further studies of their true significance. 

The vigor of vine growth in 1922 was compared with two determina- 
tions of the vigor of vine growth in 1923. One of the determinations 
was made 60 days after planting, the other 90 days after planting. The 
correlation for the two years was .229-++-.035 when the determination 
taken at 60 days after planting in 1923 was used, and .329-+.030 when 
the determination made at 90 days after planting was used. 

The correlation between the vigor of vine growth in the first 
and second year was not significantly different when all the seedlings 
were considered regardless of time of maturity from that when only 
seedlings which matured during the same period were considered. The 
value of r in the first case was .329+.030. When seedlings which 
matured in the second year between August 21 and September 11 were 
taken, r was equal to .355+.049; and for seedlings which matured 
between September 11 and October 4, r was equal to .260-++.068. 


TABLE XI 
CoRRELATION BETWEEN YIELD AND VicoR of VINE GRowTH 90 Days AFTER PLANTING IN 
SEconp YEAR SEEDLINGS 
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Vigor of vine growth in 1923 


21 


I Fj 3 4 5 6 7 Total 
0.5 3 18 36 11 20 3 I 92 
fe I.5 4 21 21 34 16 6 102 
i 
a 2.5 16 23 27. 18 6 90 
S355 2 19 34 16 I 72 
S| 
3 
a | 4:5 I 15 18 19 3 56 
S| 
y 5-5 I 5 3 2 Il 
He 
vo 
5 6.5 I I 2 
7-5 ul I 
3 22 76 90 139 77 19 426 


T=.341 4.029 


TABLE XII ; 
CorRELATION BETWEEN VINE GROWTH OF SEEDLINGS IN ‘THEIR First YEAR WITH VIGOR 
oF Vine GrowrH 90 Days AFTER PLANTING IN THEIR SECOND YEAR 


Vigor of vine growth in 1923 


I 2 3 4 5 6 7 Total 
oO 
BE. I I i 27 20 21 4 2 82 
Ban 
w iN 
o Bo 2 2 6 28 40 73 29 a 185 
3 2 
ey ty 
i 3 4 13 21 36 42 20 136 
3 17 68 81 130 75 29 403 
r=.329+.030 
TABLE XIII 
CORRELATION BreTWweEN YIELD AND VIGOR OF VINE GROWTH IN Frrst-YEaR SEEDLINGS 
Group rating of yield in 1922 

I 2 3 Total 
S i 249 171 3 423 
Bog 
wo 8 
ic : a 2 212 737 WE 1021 
© 
iS 3 28 284 184 496 

489 1192 259 1940 


r=.601+.010 


Total 
88 


169 


93 


TABLE XIV 
CorRELATION BETWEEN ViGoR oF VINE GRowTH AND PeErRiop or Maturity 1n First-YEAR 
SEEDINGS 
Period of maturity in 1922 
-9/12 9/12-9/23  9/23-10/9 10/9+ 
5 I 18 6 24 40 
me - 
wo gy 
a xe) oa Ir 9 68 81 
o o 7 
bo =) 
a 
r 3 3 34 56 
- 29 18 126 i77 


T—-lOCa,.020 


350 
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TABLE XV 
CorrRELATION BETWEEN YIELD AND PERIOD or Maturity IN First-YEar SEEDLINGS 


Period of maturity in 1922 


—9/12 9/12-9/23 9/23-10/9 10/9-10/23 10/23 Total 
bo ra | 83 109 222 266 221 gor 
6.8 
eZ a 
hg a 2 107 163 480 593 585 1928 
abo 
ach 
3 io 3 4 4 56 90 188 342 

194 276 758 949 994 3171 


r=.049 + .009 


TABLE XVI 
CorRELATION BETWEEN Perrop or Maturity and ViGoR or VINE GrRowTH IN SECOND-YEAR 
SEEELINCS 


Vigor of vine growth in 1923 


I 2 3 4 5 6 7 8 Total 
40 - &/a21 3 15 22 24 14 I 79 
BO 
os zi 8/21- 9/10 2 6 26 52 57 52 10 185 
Sree 
Rees 9/10/10-4 I 2 18 25 31 36 6 L 120 
54 
AS 
10/ 4+ I 5 is Te 16 2 41 
3 12 64 104 124 98 19 1 425 


C=. 035 a2 032 


TABLE XVII 
CorrELATION Bze®wEEen Pertop or Maturity AND YIELD IN SECOND-YEAR SEEDLINCS 


Yield in pounds in 1923 


0.5 1.5 2.5 355 4.5 5.5 6.5 7.5 Total 

4) es — 8/21 I 19 2% 14 9 ; 64 
3 & 
Ea 

oa e 8/21- 9/10 16 24 34 31 31 5p 2 145 
a 

2 2 9/10-10/4 18 20 18 13 13 I I 1 85 
cs) - 
3 

ese 10/4 10 tx 6 4 I 32 

45 74 79 Ozman oy 8 3 fi ps20 

‘Y=—.120+.033 


A higher correlation between vigor of vine growth and yield was 
obtained in seedlings in their first year than in their second year. This 
is shown by a comparison of Tables XI and XIII. The ditference 
obtained in the two years was due to the late maturity of a portion of 
the seedlings. In these seedlings the vines were frosted before they 
had an opportunity to express their yine growth in yield of tubers, A 
study of Table XVII shows that the seedlings which were green at 
time of harvest gave the lowest average yield of tubers. The vigor of © 
vine growth of these seedlings was fully equal to the earlier maturing 
seedlings, as is shown in Table XVI. The same condition occurred in 
the seedlings in their first year but to a lesser degree. 

A study was made to determine if an arbitrary rating for yield by 
inspection in second year seedlings approached the weighed yields suffi- 
ciently to justify this method of determining the yield. The coefficient 


| 
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of correlation between the two methods was .737+.017. The results 
of the two methods in this experiment were in close agreement, and 
for the purpose of selection in a large population, yield ratings were as 
satisfactory as the weighed yields. 

It is important to know what degree of reliability can be placed on 
the expression of characters of commercial importance in first year 
seedlings. The elimination of undesirable seedlings in their first year 
would eliminate the expense of growing them a second year and would 
also enable a more careful study to be made of the desirable seedlings. 
The results presented on period of maturity and vigor, as expressed by 
amount of vine growth and yield, show that there is a positive correla- 
tion between the two years, in the expression of these characters. 

In certain cases as, for instance, in testing for desirable F, combina- 
tions of inbred strains, it would appear that the data obtained on the 
seedlings in their first year would be a reliable guide as to which of the 
F, combinations are promising. 


Fig. 3. Abnormal Leaf Type Which Appeared in One of the Selfed Potato Lines 
Left, Normal leaves Right, Abnormal leaves 


SELECTION IN SELF-FERTILIZED LINES 

Inbreeding studies on maize by East (5) and Shull (41, 42, 43, 44) 
suggested to these investigators the value of selection in self-fertilized 
lines of normally cross-pollinated crops as a means for their improve- 
ment. Later studies by Hayes and Garber (16), Hayes (14), East 
and Jones (9), and Jones (19, 20) have not only established its value 
but have given practical demonstrations of improvement through this 
method. Briefly, the method consists in selecting the most desirable 
genotypes in self-fertilized lines. The decline in vigor which accom- 
panies the approach to homozygosity is regained by subsequent crossing 
of inbred strains which possess different genotypes. F, individuals in 
maize from these inbred strains have shown greater vigor than the 
original parents. This increased vigor may be due to a partial dominance 
of growth factors in the F, or to the absence in the F, individuals of 
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deleterious growth factors which have been eliminated from the geno- 
types of the parents by selection in the self-fertilized lines, or by a 
combination of the two causes. In a vegetatively propagated crop such 
as the potato, in which the resultant heterozygous F, individuals can 
be propagated indefinitely, the method would appear to be particularly 
appropriate. Furthermore, the almost total absence of desirable parents 
among our present potato varieties which produce viable pollen, makes 
it imperative to utilize some method to secure the parents necessary for 
a basis for potato breeding work. 


EFFECT OF INBREEDING ON HETEROZYGOSITY 


Self-fertilized lines have been started from numerous varieties for 
the purpose of securing more desirable parental material. Some of the 
lines have been selfed for one generation, others for two generations, 
and a few for three generations. 

An unnamed variety obtained from Mexico has been selfed for 
three generations. The first generation of seedlings of this variety was 
more variable than the first generation of fifteen other varieties studied. 
The results obtained with this variety are illustrative of how better 
breeding material can be obtained through selection in self-fertilized 
lines. 

In haulm characters the first generation varied in amount of vine 
growth, habit of growth, size and coloration of stems, size of leaves, 
and appearance of leaflets. The tubers varied in size and shape. One 
seedling was described by Kohler as having “small, gnarly, absolutely 
worthless tubers.” Other seedlings gave more promising tubers and in 
later generations some lines having a desirable type of tubers were 
obtained. The seedlings varied in tuber color from dark purple 
through the varying shades of purple and red to white. Some 
seedlings had tubers with red eyes, others had tubers which were com- 
pletely white. The second generation progeny from one first genera- 
tion seedling was less variable than the first, altho in certain foliage 
characters some of the seedlings were quite distinctive. A few seed- 
lings produced tubers that were slightly pink at the seed end. In other 
tuber characters the seedlings were similar. F, seedling progeny were 
grown from three second generation seedlings. The distinctive varia- 
tions in characters which characterized the first generation were no 
longer present in these third generation seedlings. That the commercial 
varieties of potatoes are extremely heterozygous is well known and 
needs no, further emphasis. Certain undesirable characters such as 
short internodes, prostrate plants, simple leaved types, seedlings deficient 
in chlorophyl, and numerous seedlings with tuber abnormalities have 


i POTATO BREEDING METHODS 25 
appeared in selfed lines. Most of them are recessive and are not ex- 
hibited by the parents. Salaman (32, 33, 34) has shown that the tuber 
characters which are important from the commercial standpoint are 
inherited in a relatively simple manner. The tuber defects of varieties 
have been found easy to eliminate in instances in which the variety 
was heterozygous for these characters. In fact, a striking feature of 
the results obtained in the three varieties which have been selfed for 
more than one generation has been the apparent ease with which un- 
desirable plant and tuber characteristics have been eliminated. 


Fig. 4. Seedlings in Selfed Lines of Potatoes 
Above, seedlings lacking chlorophyl; below, normal seedlings 


TABLE XVIII 
Conpition oF Marurity or Frrst GENERATION SEEDLINGS AND OF THE PROGENY OF SOME OF 
TueEse First GENERATION SEEDLINGS 


Number of individuals Percentage of individuals 
Parent mature and immature mature and immature 
on Sept. 10 on Sept. ro 
Mature Immature Total Mature Green 
14329 Parents Plant: ace ose sees es sae 9 31 40 22.5 OTS 
14329- 8 st generation seedling ...... I 13 14 7.4 92.8 
14329-16 st generation seedling ...... 5 43 48 10.4 89.6 
14329-45 1st generation seedling ...... 5 40 45 III 88.9 
14329- 4 st generation seedling ...... 5 2 26 19.2 80.8 
14329-44 1st generation seedling ...... 14 23 27 37.8 62.2 
14329-55 1st generation seedling ...... 19 25 44 43.2 56.8 
14329-26 1st generation seedling ...... 16 19 35 45.7 54.3 
14329-10. 1st generation seedling ...... Il 13 2 45.8 54.2 
14329-40 1st generation seedling ...... cS 13 26 50.0 50.0 
14329— I 1st generation seedling ...... 20 13 33 60.6 39.4 


14329-18 1st generation seedling ...... 23 3 26 88.5 TEs 
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ISOLATION OF EARLY AND LATE MATURING LINES 

An example of how a complex character such as maturity segregates 
may be noted by observing the differences in maturity in lines obtained 
from a parent heterozygous for this character. (See Table XVIII.) 

In Table XVIII are given the results of a progeny test showing that 
lines which are genotypically earlier and later maturing than the parent 
variety may be obtained from a parent heterozygous for time of ma- 
turity. The number of seedlings in each line that had matured and 
the number that was still green on September Io are given. In the last 
two columns the results are presented in percentages. A study of 
Table XVIII shows that the percentage of the progeny of different lines 
which mature on September 10 varied from 7.4 to.88.5. The original 
parent was intermediate in time of maturity, as 22.5 per cent of its 
progeny matured by September 10. Variations from the illustration 
occur, depending on the genotypic condition of the parent and the num- 
ber of factors responsible for the particular character. 


Fig. 5. General View of Potato Breeding Plot, 1922 


a I Sr 
7 


eo) “ae 
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EFFECT OF INBREEDING ON VIGOR 


As the lines have become more homozygous, a reduction in vigor of 
the seedlings has usually occurred. A study of Table XIX, which gives 
a comparison of amount of vine growth and yield of tubers between the 
first and second generation of selfed seedlings of U. S. D. A. seedlings 
14329, shows that the second generation was less vigorous in vine 
growth and yielded fewer tubers than the first generation. The average 
height of the first generation seedlings in centimeters on July 2 was 
19.9+0.7 and of the second generation 16.5. The average estimated 
yield of first generation seedlings was 5.25.20 and the average yield 
of second generation lines was 3.8. Some second generation lines 
approached the first generation in vigor. Other lines were distinctly 
less vigorous. Selfed lines from two other varieties are also shown 
in Table XIX. Selfed lines of the third generation of an unnamed 
variety from Mexico, No. 64, were very vigorous. They were equal 
in vigor to the F, seedlings of varietal crosses. (See Table VII.) 
Seed of this variety for the first and second generation was not avail- 
able for a test to determine the relative vigor of the three generations. 
Seed tubers of seedlings of these generations are on hand for a com- 
parative test in 1924. 


TABLE XIX 
EFFECT OF INBREEDING ON VIGOR OF VINE GRowTH AND YIELD oF POTATOES 


Av. height Av.amount Av. amount 


of seedlings, of vine of vine Av. yield 

Parent Generation in cm., growth, growth, of seedlings, 
July 2 Aug. 2 Sept. 1 Sept. 10 
U.S.D.A. Seedling 14329 first ..... 19.9+0.7 4.25.21 4.8+.28 5.25-+.20 
14329-1 second, Ela... 2 16.9-+1.0 4.0+.30 3-52.40 4.2+.27 
14329-4 Coes baiecece 13.7 1.4 4.04.43 3-52.48 35.38 
14329-8 ES ya tcatinats 9.52 2.0+.35 3-54.48 2.6+.38 
14329-10 ae Sats LOLS 1.4 4.04.43 4.7.48 4.0+.38 
14329-18 Se Wr etie 21.0+1.0 3.0+.30 4.44.48 3.32.32 
14329-40 eS meee 16.2+1.0 4.0+.30 4.7+.40 3:22.27 
14320-44 SE Poa sea 14.7-E1.0 5.0+.30 5.8+.40 Budh abso 
14329-45 Cin EE Garr I9.5+1.0 4.0-£.30 4.5.40 3.1.27, 
14329-55 CONAF are ichag ss 17.9-E1.0 4.7.30 4.9+.40 4.5.27 
14329-66 Soper haeicc 14.9+1.2 Aaa 335 5.0+.40 Betta Ga 
14329-26 ms Cine aN, Sree tee 18.0+1.4 5.54.43 Seoint eS 4.0+ .38 
Average Padme | etch 16.5 4.1 4.3 3.8 
Pearl variety EG Fei 
88-3 cea a hich, 27.3s¢ 1.0 BOSOL30 Uk tae 5.0+.31 
88-4 st SOF ABER cone 11.6+1.0 Aus Sts BO eee erate 4.4+.31 
Average Cet a aot 16.4 4.7 af 4.7 
Unnamed variety 
from Mexico aed “Gasse 

64=3-1 Neato 23.0+2.0 SEORISCKOONS aan cae raas Smid akecroe 
64-3-8 4, SeeaiNe cine 24.3-+1.0 (Oem OrRN — “Gouin od 5.1+.38 
64—3-11 CS aA Seed 22.0+1.2 Soisey Te nt B GO seam 
Average [ Cie lates Jey 23.1 6.3 as 5.25 
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STERILITY IN RELATION TO INBREEDING 


The utilization of the method of selection in self-fertilized lines 
depends on securing fertile progeny. Salaman and Lesley (35) have 
shown that sterility is inherited only through the female parent. They 
have also furnished evidence to indicate that sterility is dominant to 
fertility with a number of factors involved. In the present studies it 
has been found that varieties which are dependable as a source of pollen 
for crossing will produce some fertile progeny when self-fertilized. 
Two of the standard commercial varieties, Green Mountain and Early 
Ohio, have produced fertile seedlings in their progeny grown from 
self-fertilized seed. The Green Mountain variety usually sets some seed 
under favorable growing conditions. The Early Ohio variety usually 
sets no seed. It apparently produces viable pollen only under very 
favorable conditions. To what extent self-fertilization is possible with 
lines obtained from the varieties which seldom set seed, is uncertain. 
The results so far obtained indicate that continued self-fertilization 
may be possible in some lines derived from these varieties. 

The preliminary results obtained from selection in self-fertilized 
lines have been encouraging. The progress is necessarily slow because 
it usually requires two years to grow a generation from seed to seed. 
Immediate benefits, however, have been obtained. The first generation 
of selfed seedlings has invariably produced better parental material 
than the original parent. The results obtained from the second and 
third generation show that seedlings homozygous for the characters 
which are of economic importance can probably be secured in three or 
four generations. As a means of obtaining improved female parents 
that are superior for breeding purposes to our present commercial 
varieties and pollen parents that are superior to those previously avail- 
able, the method of selection in self-fertilized lines cam be fully justified. 
The average vigor of the second generation was found to be below the 
average vigor of the seedlings of the first generation. From the results 
obtained by investigators in maize, a reduction in vigor as a result of 
self-fertilization can probably be expected as the selfed lines approach 
homozygosity. The vigor exhibited by the F, seedlings of varietal 
crosses justifies the belief that the reduced vigor of seedlings from selfed 
lines can be recovered by crossing inbred strains. 


CONCLUSIONS 


The few critical studies that have been made in the potato support 
the view that Johansen’s pure line theory can be applied to the asexual 
progeny of a potato seedling. There is no published experimental 
evidence to the contrary. To the plant breeder, as a rule, selection in 
such pure lines is of no practical value. The large amount of clonal ° 
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selection work on the potato has made no appreciable improvement in 
our potato varieties. This appears to be strong evidence that the method 
of clonal selection does not offer reasonable hope for the further im- 
provement of potato varieties. 

The present evidence does not support the conclusion that numerous 
strains, as represented by seed stocks of different growers, exist within 
the variety. The fact that variations in yield between seed stocks of 
a variety are obtained, is not necessarily proof that such variations are 
due to hereditary differences between the seed stocks of the variety. 
Degeneration diseases, storage, and soil heterogeneity are important 
causes of variations in yield that have frequently been given inadequate 
consideration. 

The increased vigor of the F, over the seedlings of the selfed 
parents suggests that improvement may be secured by this means. The 
use of the F, at the present time is of little value, on account of the 
absence of desirable varieties which possess dependable pollen. 

The presence of sterility will probably not prevent obtaining F, 
populations from most crosses. Their use is limited on account of the 
scarcity of desirable parents which produce viable pollen. Owing to 
that heterozygous condition of potato varieties, it may be necessary to 
grow, a number of F, populations from different F, seedlings in order 
to obtain an individual having the desired combination of characters. 
Improved varieties that are dependable as pollen parents are a necessary 
requisite to any great improvement in the potato varieties of this 
country. Selection in self-fertilized lines is the best method of obtaining 
such varieties. 


SUMMARY OF EXPERIMENTAL RESULTS 


1. Two seed stocks of the Early Ohio variety in which the grower 
had practiced selection for productivity and type for 20 or more years 
were found to be the same as the normal for the variety as far as could 
be ascertained by a careful comparison for four years with five other 
seed stocks. The variability of yields between seed stocks within the 
variety, as judged by 84 separate seed stocks of the variety, was 
not significantly greater than the variability within a single seed stock. 
The results show that soil heterogeneity was the cause of the variability 
in yield. 

2. Variations in the tuber form of seed stocks of a variety were 
found to be due to differences in conditions under which they were 
grown. They were found to be non-heritable. When the ratio of width 
to length of the tubers was used as an index to shape, there was found 
to be no correlation between shape of original tuber stock and that of 
the progeny when grown under different conditions. This is indicated 
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by the coefficient of correlation —.004+.127. Similarly, correlation 
was lacking when the shape index ratio of depth to width was used. 
The coefficient in the case being —.04Q-+.157. 

3. The seedlings of F, varietal crosses were more vigorous than 
the seedling of the parents which were obtained by using selfed seed. 
The increase in vigor was expressed in both the amount of vine growth 
and the yield of tubers. A cross between Sir Walter Raleigh and an 
unnamed variety from South America was carried into the F, genera- 
tion. In this particular cross between a variety producing medium or 
small amount of viable pollen and a variety producing abundant pollen, 
it was possible to select desirable F, plants which produced an abun- 
dance of self-fertilized seed. It made possible the selection of desirable 
parents for the F, generation. 

4. The characters of period of maturity and vigor in first year 
seedlings as judged by amount of vine growth and yield were found 
to be correlated with their behavior the second year. The evidence 
presented shows that the time of maturity and vigor of seedlings in 
their first year may be sufficiently representative of their later behavior 
that certain groups of seedlings can be eliminated after the first year. 

5. Selection in self-fertilized lines was found to be a practical 
method of securing improved parental material. A comparison of 
first and second generation seedlings showed that as the seedlings be- 
came more homozygous a reduction in vigor occurred, 

6. The results obtained in this study of methods in potato breeding 
lead to the conclusion that selection within self-fertilized lines with 
subsequent crossing of the inbred individuals is the most promising 
and the most practical method for the further improvement of potato 
varieties. 
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ECONOMIC ASPECTS OF CREAMERY ORGANIZATION 
By Joun D. BLack anv Epwarop S. GuTHRIE? 


This bulletin deals more especially with the problems of organiza- 
tion of creameries as distinguished from the problems of management. 
Of the three phases of organization, namely, economic organization, 
financial organization, and business organization, it considers the first. 
_ Its conclusions should be of value to some operators and managers 
- of creameries and some members of creamery organizations, in helping 
them to establish efficient creamery enterprises or re-organize existing 
enterprises along more efficient lines; but the bulletin in its present 
form is intended primarily for specialists in the field of marketing and 
dairy manufacture. 


SOURCES OF DATA 


The data in this bulletin are partly from official sources, such as 
the records of the Minnesota Dairy and Food Department,” but mostly 
from a special survey made of 102 Minnesota creameries. In most 
of the tables the data from only 88 of these 102 creameries are used. 


TEE OVALE 


On January 1, 1920, Minnesota had 1,229,000 cows two years old 
and over, classified as “kept primarily for milk,’ ranking third after 
Wisconsin with 1,795,000, and New York with 1,482,000. Per 1000 
' acres of land in farms, Minnesota with 41 ranks after Wisconsin 

'with 81, New York with 72, New Jersey with 57, Pennsylvania with 
50, Michigan with 42, and the New England States taken as a group 
with 50. Per 1000 acres of improved land in farms, Minnesota ranks 
after the same states, but with only 57 as against 144 for Wisconsin, 
113 for New York, 75 for Pennsylvania, and 66 for Michigan. In 
1919, with relatively low butter prices, approximately fifteen per cent 
of the average gross income of Minnesota farms was frgm dairy 
_ products.* For a normal year, 18 per cent is about right. As to milk 
production per cow, Minnesota ranks below all the New England 
States, all the North Atlantic States, and all the North Central States. 
_ The estimates obtained by the Bureau of Crop Estimates in June, 1920, » 

1 Dr. Guthrie did the field work on this study during the summer and fall of 1920, while 
on sabbatical leave from Cornell University. 

* The authors wish to thank the staff of the Dairy and Food Department for their very 
great courtesy and excellent co-operation; also R. C. Potts of the Bureau of Agricultural Eco- 
nomics, and C. H. Eckles and J. R. Keithley for their help in outlining the project and pre- 
paring the results for publication; also A. J. McGuire, general manager of the Minnesota 
‘Co-operative Creameries Association, Inc. 


; * This can be only a rough approximation, as the Census Bureau did not tabulate all the 
data on farm receipts for 1920. 
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indicate that 33.2 per cent of all of the cattle of Minnesota were Short- 
horn, as compared with 29.8 per cent for the dairy breeds. (Holstein, 


19.3 per cent.) In Wisconsin, 16 per cent were Shorthorn, as com- | 
pared with 72.2 per cent for the dairy breeds. In New York, 89.1 of | 


the cattle were of the dairy breeds. In Minnesota, 13.8 per cent of the 
cattle were “nondescript” or “scrubs,” in Wisconsin 7.0 per cent, in 
New York 5.9 per cent. : 


There is undoubtedly a tendency toward the dairy breeds and — 
more dairying in many parts of Minnesota; but the 1920 census was | 


not taken in such a way as to show it. 


In 1920 the creameries of Minnesota made 139,230,000 pounds of © 


butter as compared with 95,668,000 pounds in 1910. Butter made 


on farms in the same period decreased from 35 to 20 million pounds; — 
and butter sold from farms from 18 to 4 million pounds. Cheese — 
production in the same period increased only from 3,800,000 to 


3,848,000 pounds. Thus by turning nearly all its surplus milk into 
butter, Minnesota has become the leading butter state in the Union. 
In 1920, there were 830 creameries in Minnesota, 642 of which 


were co-operative. The co-operative creameries made 67 per cent of — 
all the factory-made butter, the centralizers 24 per cent, and the other — 
proprietary creameries 10 per cent. The co-operative creameries are © 


gradually gaining upon the proprietary creameries, as in 1914 the co- 
operatives made only 62 per cent of the butter. 


In 1920, the creameries received 168 million pounds of milk and | 
390 million pounds of cream. Thus more than go per cent of all the 


butterfat was delivered as cream. A considerable portion of the milk 


received by creameries is resold as market milk. Milk receipts are still — 


rapidly declining. 


Minnesota, however, has such a variety of systems of farming that — 
its dairying must really be, analyzed by districts. In Figure 1 and ~ 
Figure 2 the state is divided into 8 districts. Figure 1 also shows — 
the location of all creameries and cheese factories. Tables I and II — 
give the principal data for each district. The southern dairy section | 


and the Red River Valley represent the two extremes. In the southern 
dairy section, the creameries in 1919 averaged 125,000 pounds of? but- 
terfat per creamery, received 58.3 cents per pound for their butter, 
and paid their patrons 66.8 cents per pound for butterfat. Nearly 


4000 pounds of butterfat were delivered to the creamery per square © 


mile of territory, an average of 120 pounds per cow. In the Red 


River Valley, the creameries averaged only 63,000 pounds of butterfat, — 


received only 54 cents per pound for butter, and paid their patrons — 


only 58.7 cents per pound for butterfat. 


WE cConnan OF MINNESOTA 
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MAP OF 
MINNESOTA 


Fig. 1. Localization of Dairy Manufacturing in Minnesota 


The only part of Minnesota where a genuine dairy type of farming is practiced is in a 
_ broad belt extending from north to south through the center of the state. Independents and 
centralizers handle much of the cream outside of this belt, and in some parts of this belt the 


cheese factories compete on strong terms with the creameries. 
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Additional facts concerning each of these sections are as follows: 

Section t. Southern dairy section—Less than half of farm receipts from sale 
of crops; and more than half of livestock receipts from cattle. Corn acreage 
| 20 per cent of total. Cash crops are spring wheat and barley. Hogs in com- 
bination with dairying. Many Holstein herds. 

Section 2. Central dairy section—From 50 to 65 per cent of farm receipts 
from crops, from spring wheat mostly in the southwest, and potatoes around the 
Twin Cities and to the north. Livestock receipts mostly from cattle, frequently 
of dairy types; but some from hogs, especially in McLeod and Kandiyohi Counties. 

Section 3. Intermediate dairy section—Mostly Shorthorn cattle. Large re- 
ceipts from spring wheat to the north and oats and barley in other counties. Corn 
and hogs to the southwest. 


The State of Minnesota 
Showing County Boundaries ir 190: 


} Soutnern Dairy Section 
Z Centra. Dairy Section 
3 wrermeoiate Dairy Section 
4 Mississiep: Vartey Section 
5 Soutnwestern Corn Section 
6 Rep River VaLLey Section 


@ NorTHwesTeRN Dairy Section 


8 Cur Over Section 


Z AV) 
384 


22 
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Fig. 2. Minnesota by Dairy Districts 


b Upper figures—Average price received for butter. Middle figures—Butterfat delivered per 
_ square mile. Lower figures—Average rank of creameries by quality of cream delivered. Quality 
of cream and quantity are closely associated; also quality of cream and price received for butter. 
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Section 4. Mississippi Valley—Dairying in combination with potatoes, rye, 
and small grains on sandy lands. Dairy receipts an important source of income. 
Section 5. Southwestern corn section—Corn and hogs. Oats and barley near 


the Dakota line. Beef cattle. 
Section 6. Red River Valley—Three-fourths of receipts from sale of crops, 
mostly spring wheat and potatoes. Beef cattle mostly, and not many of them. 
Section 7. Northwestern dairy section—Relatively new country, much drained 
land. Hay an important crop. Dairying of high order considering the newness 


of the region. 
Section 8. Cut-over section—Hay principal crop. Potatoes, timber products, 


outside labor, and dairy products the principal sources of income. Creameries 


small and far between. 
It should be apparent from the foregoing that it is useless to talk 


of dairying in Minnesota, taking the state as a whole. The same is 
true in large part for creameries.. This is shown by Table III, which 
gives certain data for the 88 creameries analyzed in this bulletin. First, 
the cream received differs greatly in quality,* that coming from the Red 
River Valley and cut-over district actually averaging a condition half- 
way between “Sour and Old” and “Fairly Sour and Old,” and that 
from the southern dairy section averaging about “Fairly Good.” The 
score of the butter on hand at the time of the survey ranged from 
88.5 in the cut-over district to 92.5 in the southern dairy section. 


; TABLE IV 
RELATION OF QUALITY oF CREAM TO QUALITY OF BUTTER 
Number Average 
Type of cream- price re- Aver- 
of Rank eries re- Butter ceived for age 
cream ceiving score” butter output 
mostly in 19197 
Cents 
Sour and old. 7.7... 5 16 89.6 54.1 140,000 
Fairly sour and old.. 4 10 89.4 54.7 149,000 
Pale eis hw oeielaln a 34 QI.1 56.6 242,000 
Hainly eoodnerse aera 10 92.8 57.8 ; 251,000 
Goodie iireendae ed I 18 92.8 ‘ 57.9 270,000 


* Butter on hand at time of survey. 

{Some of the difference in price for the different grades is due to the fact that the 
creameries receiving poor cream are small and are fikely to have relatively poor buttermakers. 
(See page 16.) 

It will be noted that these 88 creameries average about a third 
larger than the state average (see Table II). Their expenses per 
pound of butter are therefore somewhat lower. As to the price received 
for butter, however, they are nearly 2 cents under the average. Of 
the 14 creameries included in the survey but not included in the tables, 
6 are proprietary creameries whose financial records were so incom- 
plete that their data could not be used. The co-operative creameries 
usually keep better records. 


4See Table IV for classes of cream. 
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iii FAGIORS OF EFFICIENCY 


_ The ultimate test of the efficiency of a creamery is the price it 
pays for butterfat. Figure 3 shows an extreme range—30 to 49 cents 
|| for 291 Minnesota creameries in 1921. No doubt some of the extreme 
cases are due to irregularities in the records, but making allowance for 
this, there is still a range, excluding irregular cases, of 16 cents, or 
38 per cent. Fifteen cents more or less for butterfat will probably 
|| mean the difference between profit and loss in dairying on two thirds 
of ‘the dairy farms of the state. Part of this 15 cents is of course 
| due to differences in the cream delivered. But enough of it can be 
ascribed to the creamery that we are justified in saying that the cream- 
ery alone is one of the largest factors in the success of dairying, and 
it is highly important that it be properly organized. Even 10 cents 
less a pound for butterfat means 14 million dollars for the farmers 
of Minnesota. The purpose of this bulletin is to present the causes 
of these variations. 
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Fig. 3. Range in Prices Paid per Pound of Butterfat for 291 Minnesota Creameries as 
Reported in 1921 


The ordinary range is from 34 to 49 cents; the five extremely low prices are probably 
due to errors in the creamery records. 4 


a There are three immediate reasons for these variations. These are 
_ differences in prices received for butter, differences in cost of manu- 
facture and preparation for market, and differences in overrun. Fig- 
ures 4, 5, and 6 show the ranges for these three things. The range 
in prices received for butter is the most important factor. Most of 
_ the creameries in 1921 received between 35 and 41 cents per pound 
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for their butter, but 16 out of 290 received more than 41 cents and 
23 out of 290 less than 35 cents. Figure 7 shows that if there were 
no differences in overrun or creamery costs® per pound, butter price 
would still produce a range, excluding pice cases, of 13 cents per 
pound of butterfat. 
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Fig. 4. Ranges in Net Prices Received per Pound of Butter for 88 Minnesota Creameries 
The ordinary range in prices received for butter is 11 cents—s cents less than the range | 
in butterfat prices. 


N2 OF CREAMERIES 


NAHUrResORRG Cost x ‘CENTS PER Pounp ¢ BUTTER 


Fig. 5. Range in Manufacturing Costs per Pound of Butter for 88 Minnesota Créameries 


5 Really ‘‘margins,” as profits and patronage dividends are combined with costs. 
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Next in importance are the differences in creamery costs shown 
in Figure 5. The ordinary range for the 88 creameries covered in the 
survey is from 2 to 7 cents per pound of butter. (Extreme costs are 
due in most cases to irregularities in the records.) I{ prices for but- 
ter and overrun were the same for all creameries, differences in cream- 
ery costs, as shown by Figure 8, would still make a difference, excluding 
irregular cases, of 9 cents a pound of butterfat. 
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Fig. 6. Ranges in Over-run for 301 Minnesota Creameries 


The over-runs, at least over 24 and under 20, are not true over-runs, but are due to errors 
in tests and weights and mistakes in creamery records. : 


RANGE AVERAGE 
BUTTER PRICE 30. —434 394 
OVERRUN 14. -282ZI 23.47 
CREAMERY Marcin 1.47- 10.85 5.22 
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Fig. 7. Relation of Price Received for Butter to Prices Paid for Fat 


NUMBER oF CREAMERIES 
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If all creameries had the same over-run of 23.47, and the same margins, there should still 
be an ordinary range of 36 to 48 cents in prices paid for butterfat. 
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The ordinary range in overrun, as shown by Figure 6, is from 20 
to 26 per cent. If butter prices and creamery cost were the same for 
all creameries, there would still be a difference, excluding irregular 
cases, of 3 cents per pound of butterfat, due to overrun variations 
(see Fig. 9). . 

Range in butter prices-——The principal cause of variations in butter 
prices is the quality of the cream delivered.. Table IV shows that. the 
18 creameries receiving “Good” cream on the day of the visit were 
making butter scoring 3.2 points higher than that made by the 16 
creameries delivering “Sour and Old” cream; and that they sold their 
year’s make of butter for nearly 4 cents more per pound.® The possible 
range due to differences in cream, according to Table V, was 6 cents. 


ca RANGE AV. 
BUTTER PRicE- 3594 594 
_ OVERRUN- 2347 ~—— 23475 


Cr.MarGIN- 14-1085 522 
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Fig. 8. Relation of Creamery Mareias to Prices Paid for Fat 


If all creameries received the same prices for butter and had the same over-run, there | 
would still be an ordinary difference of 8 cents in prices paid for butterfat, due to difference | 
in costs or margins. 


® The question arises as to how good a sample one day is of the whole year in a matter | 
of this kind. The chances are that there is no great variation from day to day in quality of 
cream received, and there is much less variation from season to season than is ordinarily sup- | 
posed. As for quality of butter, there may be a variation of two or even three points in the 
score, but there is likely to be no more than a point of difference. Moreover, there are enough | | 
creameries in each group to make it probable that error of sampling will be offset. 


; RANGE AV. 
Butter Price 359.4 394 Fe 
OVERRUN 14.0—-28.21 23.47 
Creamery Margn 5.22 5.22 i 
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cs 39 40 41 42 43 44 45 
PRICES PER POUND OF FAT IN CENTS 
Fig. 9. Relation of Over-run to Prices Paid for Fat 


f The ordinary effect of differences in over-run is only 3 cents, as compared with 8 cents 
for costs (Fig. 7) and 13 cents for prices of butter (Fig. 8). 


4 
QUALITY OF CREAM IN FIVE GRADES 
Fig. 10. Range in Prices Received for Butter Made from the Same Grade of Cream 
No. 1 or ‘‘Good” cream made butter that ranged in price from 55 to 59 cents; and No. 5 
or “Sour” cream made butter that ranged from 52 to 57 cents. Thus, although the quality of 
butter declines with the quality of the cream, there is considerable range in the quality of butter 
for each grade of cream. (The width of the bars indicates the relative number of creameries.) 


‘e 


16 TECHNICAL BULLETIN 26 3 

One can not know, however, whether the low prices for butter made 

from poor cream were not partly due to the poor ability of the butter- 

makers employed in such creameries. The 6 cents is therefore only a 

rough estimate. : ; 
Figure 10 shows, however, that creameries receiving the same grade 


of cream on the day of the visit did not all receive the same average _ 


price for their butter for the year. For example, the 28 receiving 
“Good” cream received prices ranging from 55 to 59 cents a pound; 
and the 16 receiving ‘““Sour and Old” cream received prices ranging 
from 52 to 57 cents a pound. Some of these differences are no doubt 
due to mistakes in grading cream, or to the fact that the cream de- 
livered on the day of the visit was not a fair sample for the whole 
year. But making allowance for these possible errors, there is still 
a range of about 6 cents to be accounted for. 

One explanation is the difference in time of year when the butter 
was sold. Figure 11 gives the monthly range in prices for New York 
Extras for two four-year periods. Creameries delivering only 51 
per cent of their cream in the six summer months, in 1919 received for 
the same grade of butter 1.7 cents more per pound than those deliver- 
ing 70 per cent of their cream in the summer. This is a factor in 
average annual butter prices which is frequently overlooked. 

Another cause for differences in butter prices received is freight 
costs. On a car consisting of 300 tubs of butter (18,900 pounds) the 
freight cost to New York at present is $364.54; for the same butter 
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Fig. 11. Monthly Ranges in Prices for New York Extras 


Both of these periods are periods of rising prices, but especially the 1915-19 period; hence 


the December averages are considerably above the January averages. \ 
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OUTPUT IN THOUSAND POUNDS 
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Fig. 12. Relation of Output to Labor and Management Time 


$ For 100,000-pound creameries, the average rate is about 45 hours per thousand; for 
500,000-pound creameries, about 23 hours per thousand. The average rate of decrease, indicated 
_ by the straight line, is 4.5 hours for each additional 100,000 pounds of output; but the curved 
- line shows that it is very rapid under 200,000 pounds, up to the point where the time of one 
_ buttermaker is fully utilized. 
; Method of using curve—Locate on the vertical scale the point which represents the output 
of butter in your creamery. - Extend a horizontal line from this point across the diagram till 
it crosses the curve. Drop a vertical line from this point until it crosses the horizontal line 
at the bottom of the diagram on which the scale of hours is indicated. The point where the 
base line is crossed represents the prevailing number of hours per 1000 pounds of output for 
creameries with your output. 


shipped at “less than carload” rates, it is $543.12. This is a difference 
_ of not quite a cent a pound (0.94 cent). 

‘Another factor in differences in prices is skill and judgment in 
_ choosing a market and a commission firm. These, however, are rela- 
_ tively unimportant. More important are the differences in prices 
_ charged patrons for butter, differences in prices at which butter is sold 
locally, differences in packing the butter, whether in prints or tubs, etc. 
There still remains an estimated difference of 2.3 cents of the 
total range of 10 cents per pound to ascribe to the buttermaker him- 
self and his plant and’ equipment. As already explained, we can not 
4 be sure that some of this is not due to the fact that the poorer butter- 


a. 
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makers did not have as good cream to work with as the better butter- 
makers. Altho we have made an allowance for differences in quality 
of cream, we may not have allowed for all of it, as some may be so 
identified with poor buttermaking as ‘not to be apparent. Even if we 
allow only 2 cents a pound for differences in buttermaking and plant 
and equipment, it amounts to $2500 for an average output of 125,000 
pounds. This point will be discussed later. 

Table V can, of course, be only an estimate, because one does not 
know to what extent the various causes reinforce or run counter to 
each other.” Any one of the causes could reasonably have been as 
significant as indicated in the first column as “possible range,” or less 
significant than indicated in the second column as “actual range.” 

Can the range in butter prices be reduced?—The principal factor in 
quality of cream is the frequency of its delivery. Many farmers in 
Minnesota can not afford to deliver more frequently—the extra price 
received for fresher cream will not pay for the extra cost of hauling 
oftener.. This is the case on farms a long way from creameries and 
with few cows. The condition is prevalent in the Red River Valley, 
the southwestern corn section and the cut-over section, and on many 


TABLE V 


EstimateD RANGE IN AVERAGE ANNUAL Rates RECEIVED FoR BUTTER IN 1919 WHICH 
. Was Due to Srverat Causes 


Causes Possible range* Share in actual rangey 
Cents Cents 
Oualrty of Yoreaia qarcinre eicileisielsioreretet> etatcrele ce tein clieerehy 6.0 : 4.0 
Skill in buttermaking, and plant equipment......... 4.0 2.3 
Seasonal variations in receipts. 05.0 be. ce oe en wee oe 2.0 1.7 
Marketing methods aid sCOStsvecie1 acettinee eaneierokerenntal 3.0 2.0 
Total mate cacy cs trois row die cau iateketeuecepe certs alee triahe ere 15.0 10.0 


* This means that if some of the creameries receiving the poorest cream had also the 
poorest buttermakers and equipment, the most expensive marketing’ methods, and lowest rela- 
tive cream ‘receipts in winter; and some of those receiving the best cream had exactly the 
opposite of the above in all three particulars, the difference in price received for butter would 
have been 15 cents. : 

+ This means that because some of the creameries with poor cream had fair to good 
buttermakers, and vice versa, and so for the other, three factors, the actual range between 
highest and lowest was only 10 cents (see Figure 4) excluding irregular cases. 


farms in the intermediate dairy section. Unless the farmers keep more 
cows, it is foolish in most cases to urge them to deliver more fre- 
quently. We can be thankful that they are delivering at all—not long 
ago they were making butter on the farm and) selling their butterfat 
in that way. In twenty years there has been a decrease from 22’ million 
to 4 million pounds of butter sold from farms in Minnesota. __ 

Nor can we urge the farmers in all sections of the state to keep — 
more cows. It is likely that corn, hogs, and beef cattle will always | 


7 The data were not in such shape in this case as to make possible a multiple correlation | 


analysis. 
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take precedence over dairying in the corn belt and in southwestern 
Minnesota because the earth has much more potential dairy-farming 
territory than corn-and-hog territory. This is evidenced by the fact 
' that corn and hog prices have increased more rapidly than butter and 
cheese prices in the last twenty years. Dairy farming is likely to in- 
crease, however, in the small-grain regions north of the corn belt, partly 
because livestock is needed to improve the farm organization in this ter- 
ritory, partly because the growth of population will call for more dairy 
products, and partly because there is as much available wheat and oat 
land in the world as dairy farming land. There is also a twilight zone 
between the corn belt and the small-grain region where the “corn, hog, 
and dairy cattle” combination is likely to be further developed, as it 
has been under similar circumstances in southeastern Wisconsin and 
_ northeastern Illinois. Also as the land is gradually cleared in the cut- 
over section, there will be more cows and more creameries within 
reach. 

Therefore there is hope for improvement in the quality of the 
cream in many parts of Minnesota as time goes on, merely as the re- 
sult of an increase in dairying and more frequent deliveries. 

The quality of the cream can also be improved by better sanitation 
and more cleanliness in handling the milk and cream, and better care 
of the cream while it is awaiting delivery. Grading the cream may 
also prove effective under some circumstances. 

The next important way to reduce the range in butter prices is to 
get better buttermakers. Small weak creameries can not ordinarily 
hire high-class buttermakers—the larger creameries with better quality 
of cream outbid them. The trouble is that there are not enough high- 
class buttermakers to go around. There has already been great im- 
“provement, however, and there is sure to be more in the future. The 
way out is to train more buttermakers; and especially to select more 
carefully the men who are trained. 

Probably a little can be done in improving the quality of the butter 
by looking after the equipment carefully and keeping it in better 

_ condition. 
E ' We shall always have seasonal variations in cream receipts because 
_ we shall always have differences in systems of farming in Minnesota. 
_ ‘The only other way to reduce the range in butter prices is there-, 
fore to standardize marketing practices and price policies. Some things 
along this line are feasible; for example, combining shipments will 
_ equalize freight costs somewhat; but freight costs will always be a 
| little higher in northwestern than in southern Minnesota. Likewise 
there is‘no reasqgn why all creameries should have the same price policy 
. for local sales and sales to patrons. 
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We can conclude, therefore, that the range in price received for 
butter can be reduced considerably by improving the buttermakers; to 
some extent by taking better care of the cream; to a greater extent, 
but more slowly, by improving the quality of the cream along with 
more dairying and more frequent deliveries; and to some extent by 
shipping in carload lots. Perhaps the range of Io cents can in time 
be reduced to 5 or 6 cents, but it will take a long time to do it—the 
next ten years may make a difference of 2 or 3 cents. 

Range in overrun—Of the three factors determining the price the 
farmer receives for his butterfat, overrun is the least important. The 
ordinary range is from 20 to 26 per cent, but two-thirds comes between 
22 and 24 per cent. 

The range in overrun is probably due principally to four things: 
(1) Varying amounts of moisture, salt, and other ingredients in the 
butter, (2) variations in losses of butterfat in handling and churning, 
(3) variations in reading the butterfat test of the cream, and (4) vari- 
ations in weighing the cream when delivered. According to Table VI, 
under-reading the butterfat test of 30 per cent cream by 0.2 per cent, 
which is about the average under-reading when readings are in half- 
per cents and always read down, will increase a “true overrun” of. 
23 to 23.82 per cent; and under-reading the same cream 0.4 per cent 
will increase a “true overrun” of 23 to 24.66 per cent. 


TABLE VI 


ErFect oN OveRRUN oF UnperR-ReapInc Burrerrat Test oF 30-PER Cent CrEAM™ 


Butterfat reading Overrun 


Percent Per cent Per cent Per cent Per cent Per cent 


Correct reading.......:.... 20.00 21.00 22.00 23.00 24.00 25.00 
I per cent below........... 20.40 21.40 22.41 23-41 24.41 25.41 
2 per ‘cent® below. «0... 20.80 21.81 22,82 23.82 24.83 25.83 
3 per cent below........... 21,20 22,82 23.23 24.24 25.25. yy" 2h26 
4 per cent below........... 21.62 22763 23.65 24.66 25.67.58 26.68 
§ per cent-belowes e232 andes 22.03 23.05 24.06 25.09 26.10 27.11 


*The method of calculation is as follows: 100 pounds of cream testing” 30 per cent will 
make 36 pounds of butter at 20 per cent overrun. (36 + 30 = 120.) If the test is read 29.9, 
then the overrun will read 20.40. (36 + 29.9 = 120.40.) 


According to Table VII, under-weighing a 5-gallon can of 30 
per cent cream by 0.2 pound will increase a true overrun of 24 per 
cent to 24.62; and an underweighing of 0.4 pound will increase it 
to 25.25. ; - 

Losses in the creamery probably vary from less than one per cent 
of the butterfat delivered, for very large creameries, to more than 
3 per cent for small creameries with careless workmen. Minnesota 
Bulletin 177 gives 1.4 per cent for the Albert Lea creamery. This 
is equivalent to an overrun of 1.75. Of this, about one per cent was 
churn loss and 0.75 mechanical losses in vats, heaters, pasteurizers, etc. 


ECONOMIC ASPECTS OF CREAMERY ORGANIZATION 21 


TABLE VII 
EFFECT ON OVERRUN OF UNDER-WEIGHING CREAM* 
Weighing method 5-gallon unit 8-gallon unit ro gallon unit 
on) 
Per cent Per cent Per cent 
MGHCECE WEISDE Genie ce atte we ee ye oh a TNS 23.007 23.00 23.00 
BEA IOC ED OLO W fern aye nysvs falein\Wiclactieha\e reise omen ebinoss 23.62 23.38 23.31 
eta DOMSIAME CLO Wicreta virial tai ie..cis Ws Rie"alviessie teen acy, vas 24.24 23.77 23.62 
he * Assumptions: true overrun of 23 per cent, and cream test of 30 per cent. 
75 gallons = 40 pounds which at 30 per cent fest — 12 pounds of butterfat which at 
23 per cent overrun = 14.76 pounds of butter. But 39.8 pounds at 30 per cent test = 11.94 


pounds of butterfat. 14.76 + 12 = 123; 14.76 + 11.94 = 123.62. 


Minnesota and federal statutes require butter to contain 80 per 
cent of butterfat, and less than 16 per cent of moisture. Eighty per 
cent butterfat means an overrun of 25 per cent, counting no mechanical 
losses. Every creamery would profit if it could exactly attain the 
15.9+ per cent of moisture; but this is so difficult as to be imprac- 
ticable. If the buttermaker aims at 15.5 per cent, the product obtained 
will probably vary from 15 to 16 per cent, but will practically always 
be this side the limit. If he aimed at 15.9+ per cent, the product 
would frequently exceed the limit. 

About the same thing is true for salt. A product with more than 
3 per cent of salt in it will.surely be too salty for most markets; hence 
it pays better to try for a little less. 

If one-half per cent of the possible 16 per cent of moisture is not 
| incorporated in the butter, and only 2.5 per cent of salt, the true over- 
_ run, assuming no churn losses and the like, will be 23.75 per cent. But- 
terfat losses will reduce this probably by 2 per cent. Yet the average 
overrun of the 301 creameries in Figure 6 was 23.47, and 48 per cent 
_ of them had an overrun of more than 23.75.*. Most of the overruns 
4 of more than 23.75 are likely to be due partly or entirely to the under- 
testing and under-weighing presented above. This is surely true of 
_ the overruns of more than 24.50, which include nearly 30 per cent of 
_ the 301 creameries. The 140 creameries with overruns of more than 
_ 23.75 average 1.05 per cent too high. If creameries with overruns of 
a more than 23.75 per cent under-test and under-weigh, there is no 

_ reason for believing that many creameries with overruns of 21 and 
_ 22 per cent may not under-test-and under-weigh also, this under-testing 
e. and under-weighing merely serving to conceal the fact that they are’ 
not getting enough moisture or salt into the butter or that they have 
: pee churn losses. The under-reading of tests and weights does not 


# a Hicter price per pound of butterfat for proportionately fewer pounds. 
aH | The eal evil involved is that it conceals real losses from moisture 


8 Average for all creameries in the state in 1920 was 23.14, according to the reports of 
‘the State Dairy and Food Department. 
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Range in creamery costs —The third factor in range in price paid 
for butterfat is the cost of manufacturing the butter and preparing it 
for market. As already stated, the ordinary range in creamery costs is 
from 2 to 7 cents per pound of butter. ~- Figure 5 shows that nearly two- 
thirds of the creameries have costs between 2.75 and 4.25 cents, and the 
remainder are spread out evenly over the rest of the range from 2 to 
7 cents. It is the purpose of this bulletin to analyze in detail this range 
in costs and the reasons for it. This will furnish the basis for an 
analysis of the economic organization of creameries. For each cream- 
ery covered in the survey complete financial records were obtained, 
as well as estimates of the distribution of time of labor and manage- 
ment. The floor space of each creamery was measured and an in- 
ventory taken of the plant and equipment. A cost accounting system 
for creameries was devised and the data for each of the 88 creameries 
were put through this system separately. Thus there resulted 88 sepa- 
rate sets of accounts showing 88 separate labor, space, equipment, and 
other costs per pound of butter; likewise 88 separate receiving, bab- 
cock-testing, churning, and other process costs per pound of butter. 
These costs vary greatly. The variations have been analyzed and the 
factors responsible for them have been determined wherever possible.® 

It should be made clear at this point that'the purpose of this analysis 
is not to deterntine costs. Costs have been introduced merely as a 
means to the end of discovering economy in creamery organization. 
Costs in themselves have little value for such a purpose—it is only 
when they are analyzed in combination with other organization facts 
that useful conclusions can be derived. 


CLASSIFICATION -OF COSTS: 


Table VIII presents the classification of costs used in this analyzis, 
together with a summary of the results. The costs analyzed are the 
costs of converting the raw materials (cream and milk) into a finished 
product packed and ready for the market. No cost of the raw mate- 
trials is to be considered. What is paid the patrons for butterfat is 
considered as a result rather than as a cost. A co-operative creamery 
is an institution for marketing butterfat. It is as successful as the 

® The method of partial and multiple correlation analysis was used wherever it promised 


results, The combining of accounting and statistical methods in this way in a cost study prom- 
ises many valuable results. Only by the survey method is it ordinarily possible to bring to- 


gether enough cost records at any one time to allow statistical analysis of results, and then 


the question arises as to whether the survey method does not introduce so many errors in the 
original data as to vitiate the results. This study throws considerable light on this question. 
In many ways, creameries lend themselves especially well to such a study. Creamery plants 
are similar in type and methods. Ordinarily only one product is turned out. Also co-operative 
creameries, especially, must keep reasonably good records. On many points, however, the data 
are inadequate or biased. The bias in some cases can be partly eliminated by statistical 
methods. In other cases, detailed daily cost records will be needed. ; \ 
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returns to the producers for a given grade of cream are high. While 
this analysis does not exactly fit the 8 proprietary creameries included 
in the tables, the error introduced is very slight. 

The costs are first classified as “Elementary Costs,” and finally as 

_ “Process Costs.”*° The sum of all elementary costs equals the sum 
of all process costs. The first classification divides all costs into the 
elements of production—site, buildings, equipment, labor, management, 
supplies, and miscellaneous. ‘The second classification principally di- 
vides all costs into the following processes: receiving, babcock-testing, 
preparation for churn, churning, preparation for market, record keep- 
ing, and correspondence. Hauling, sidelines, and extra space are 
really separate from the main and current business of the creamery, 
and hence are classed as separate costs. Buttermilk and skimmilk dis- 
posal should in most creameries be included as one of the regular 
creamery costs. 

Between the elementary and process costs are six intermediate 
costs. These represent re-combinations of the elementary costs which 
are themselves distributed to the process costs. Power cost, for ex- 
ample, represents a combination of building, equipment, labor and 
management, and supplies and miscellaneous costs. It enters as a 
cost into all the manufacturing costs. 

Table VIII also gives the average per creamery and per 1000 
pounds of output for each of the elementary, intermediate, and process 
costs. The purpose of this table is to show the relative importance 
of the various costs, and for purposes of such a comparison, the average 
is the most usable index. The averages per 1000 pounds of output 
are included here merely for economy of space and convenience of 
reference in later pages. Average costs per unit of output have little 
significance in themselves—it is variations in cost that are significant, 
and these will be presented in the pages following. 

Of the four elementary costs, Supplies and Miscellaneous is the 
largest. This is because it includes the large items of coal and elec- 

tricity, tubs and boxes, ice and salt. Labor and Management costs, rep- 
resenting nearly a third of all creamery costs, will, however, be found 
to offer the principal reasons for variations in costs. 

Of the process costs, preparation for market is high partly because 

of the cost of tubs and boxes, and partly because of the labor of: 
_ packing. 


1 Cost accountants will note that this classification is different from ‘‘Prime Costs.’”’ The 
concept of prime costs is based on the technic of cost accounting method and not upon the 
fundamentals of the economic organization of an enterprise. 


hh 
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TABLE VIII - 


CLASSIFICATION OF CREAMERY CosTS 


Elementary Costs 


Per creamery Per 1000 

Item = pounds 

Amount Per cent of total of butter 

Butlditie “and “site. (astees seen eet $1092 IL.7 $4.68 
Eqeipnieint. paw ies eee b2+ ha he ew aoe 929 9.9 i 3-98 
Labor and management............ 3085 32.9 13.21 
Supplies and miscellaneous..... - re, 4267 45.5 18.28 

Total’ Hee eta n kon een $9373 100.0 $40.15 - 


Intermediate Costs 


Per 1000 
Item Per creamery pounds of butter 
Pager oc eciae..chic uses Peleus ae ee i SETA $5.08 
WES aces Ar aentc gestae renstictenetoraremte arava cies Ov statcaltanotetretecit niceties 145 0.62 
Cold storare ss; thc aun ee keene ces blanca ern peels 599 2.57 
Storise: Of Supplied: sib cstcraty «corks Dv sattaetate, ale ange sian 131 0.56 
Cheep arte xn So bea Wr eae ct les) mee Siete as 545 2.34 
Process Costs, Etc. 
Per creamery Per 1000 
Item pounds 
Amount Per cent of total of butter 
Process costs 
Receiving) o/s ca. oe cs eeearegr sae $714 7.7 $3.06 
Babcock-testing. .....0.es.i be ber 482 BUT 2.07 
Preparation for churning......... 1347 14.4 5.76 
LOUISE Sab bola Pisenks naan, GRA canes eeuness 1418 ses ' _ 6.07 
Preparation for market.......... 3541 ed 3765 15.06 
Record keeping and correspondence 811 8.6 3.48 
Buttermilk and skimmilk disposal. . 13 0.1 0.06 
xtra cspacese mk eset ame erie ieee 127 1.4 0.54 
Peeing 3s plana e te ec 25 0.3 0.11 
Sidelines) .:. ceases cee. ote hese reer 89 0.9 0.38 
General maintenance............... ha 2.9 ‘1.16 
General management or overhead... . 562 6.0 * 2.40 
Motali..sZtcduactha cis ee area $9373 100.0 ‘ $40.15 
Ultimate Costs 
All Cost Items : 
Cents 
Per) pound: of; butter esis ca. heads eos ery evap pine cei hhc iowninle faints (olahete is costae acne arr 4.02 
Per ‘pound of ‘butterfat. <4. soko ae oe sae cede ie aes 2 ines Maisie ete PB? Ot 
Excluding Sidelines, Hauling, and Extra Space 
Per spond (of “butter vec 2h setatesac alesis yon cis ives plerehcamia inves ti'siatetela| ageietrin iene lve ete en 3-91 
Per pound of huttertat rin. owe acl rciha nie nesedieieds ayeOM Res inte telss neetns eee Pons aerate - 4.84 
yr / Pounds 
Averare output of “biker . cies maee asrcisinic ia elayeveia re thge erage aid tates Saat aie cn io aasieat sta 233,304 
Average input: butterfab.s\.... sir. s aissetate is he Wayites visi else we ketal seis eh ckaltode da pone tna nnn eae 188,963 
Per cent 
Average: percentage “OVOrris sooo esis mreicias a oie m orn) o) od) nim chs fe telnet ouaGere lat lec ae 22.73 
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In the following analysis, the unit in which costs are expressed is 
pounds of butter rather than pounds of butterfat. The average cost 
per pound of butter of the 88 creameries is 4.02 cents; and the average 
| cost per pound of butterfat is 4.96 cents. The relation between these 
two costs of course depends solely upon the amount of overrun, which 
in this case is 22.73. Since the overrun is different in different cream- 
| eries, the relation between costs of butter and butterfat will vary. The 
7) range of the 88 creameries will therefore be somewhat different on 
‘the two bases. 

The reasons for using butter as the unit in place of butterfat are 
(1) The buttermaker customarily thinks in terms of pounds of butter ; 
(2) most manufacturing plants compute costs in terms of output rather 
than input; and (3) the errors of under-testing and under-weighing 
in many creameries make butterfat a less reliable measure than butter. 
On the other side of the question it may be said (1) that the co- 
operative principle that such enterprises as creameries are service 
enterprises which take the farmer’s product and process it and dispose 
of it at cost, would require costs to be figured in terms of the unit 
}\ in which the farmer sells his product, in this case, butterfat; and (2) 
that the most important factor in overrun is the amount of moisture 
} and salt added to the butterfat. Thus there are strong arguments on 
| both sides, and for some purposes the results should no doubt be ex- 
| pressed both ways. 


ELEMENTARY COSTS 


Each of the four elementary costs will now be analyzed separately. 
Many of the items included in this analysis are based on estimates. 
None of the results are therefore to be taken as highly accurate. Ordi- 
-narily no conclusions will be stated in which the error of estimates 
} makes the results doubtful; or if they are stated, the degree of probable 
} error will be indicated. 

LABOR AND MANAGEMENT 

Labor and management costs include all salaries and wages paid 

} except for special labor hired for such work as draying, filling the 

| icehouse, painting, repairs to the plant and equipment, and the like. 
These are included under “Supplies and Miscellaneous.” 

Later in the bulletin, labor is separated from management, and 
_ record- keeping and correspondence are separated from other forms of 
“labor. In this first analysis, however, all are combined. 

He The employees of a creamery may be classified as in Table IX 
-and Table XIII. In Table XIII each creamery is considered as hav- 
_ ing one buttermaker or head buttermaker. He is frequently described 
(as “Duttermaker-manager” or “operator.” These 88 creameries in ad- 

3 dition employ 11 men who are designated as managers, 64 full-time 


Ke 
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helpers (in some cases these are trained or experienced buttermakers), 
19 part-time helpers, 67 secretaries, and 7 bookkeepers; 23 have sal- 
aried treasurers, and 63 have salaried directors. 

The analysis of labor and management costs is taken up in three 
stages, (A) the time requirement (hour as unit) per 1000 pounds of 
butter, (B) the rate of pay per unit of time, and (C) the product of 
A and B, that is, the labor and management cost per 1000 pounds of 
butter. If it takes 30 hours of labor and management to make 1000 
pounds of butter, and the rate of pay is 40 cents per hour, then the 
labor and management cost is $12. 


TABLE IX 


Hours or Lasor PER YEAR OF YEAR-RounpD CREAMERY EMPLOYEES, BY NUMBER OF HELPERS 


No One Two or more All 
Employees helper helper helpers creameries 
(28)* (40)* (20)* 88)* 

Buttermakerse nid> si.Ase nee 3249 3351 3130 3352 
PLelpetic” sca ana totc aiettie «eamcclay Sit 2714 2754 2733 
SECLEUAEIES POT tac ee ee 702 1024 1356 997 
Bookkeepers ie o:1i5.3 avy seme eds = 822 1980 1731 1664 
Managers. --5.;cnne clases avn taco tibiare 1342 1206 1984 1555 
DIF ECLOUS Das ststeae ee fae eee 98 Serno8 180 11g 
FERCASUTETS) Yi hte vo aie a guasltalenet ats 120 173 180 169 


* Number of creameries. 


Hours.—Table IX shows the average hours per year of the year- 
round employees. Most of the employees except buttermakers and full- 


time helpers have other employments. This is true of most of the |} 


managers. In this table, the 88 creameries are put into 3 groups ac- 


cording to the number of “helpers” employed. (Creameries with part- — I 


time helpers are put in the group into which they fit most nearly.) 
For full-time employees, the hours are about the same for all groups, 


but for part-time employees, such as secretaries, directors, and the like, |} 


the increase in hours is very marked. 


- The buttermakers’ hours average least in the largest creameries be- — | 


cause some of them do not quite need all the helpers they have. In 


the group of 28 with no helpers, are some creameries so large that one H 
buttermaker must put in very long hours to handle the work, but more jf 
which do not keep one buttermaker fully employed, with the result jj 


that the hours for such creameries are somewhat below the average. 


The ordinary range in buttermakers’ hours is from 2900 to 3600 ||} 
per year, but 20 buttermakers gave estimates of over 3600 hours per |} 
year and 10 estimated over 4000 hours per year. The evidence shows | 


that several of these estimates were too high. The error arose from 


the fact that many buttermakers put in a good share of their working 4 

hours in and around the creamery, whether really at work or not, and — 

the tendency is to include all these hours as working time. (The same |} 
4 


EP ce Si ee Ee ee i 
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z| 
difficulty is experienced in farm cost accounting.) Only 7 buttermak- 
ers worked less than 2700 hours” per year. 

The ordinary range for full-time helpers is from 2700 to 3300 
hours. Table IX, however, includes a large number who were not 
really employed full-time the year around. Eight worked more than 

_ 3300 hours per year. 

The salaries per year for full-time men increase somewhat with the 
hours worked per year, or vice versa. Each $100 additional salary of 
buttermakers, however, represents an average of only 42 more hours 
of work per year, a little less than one hour per week. For full-time 
helpers, there seems to be no relation between hours of work and 
salary. (In making this analysis all part-time workers were elim- 
inated—of course such workers receive wages in accordance with the 
time they work.) Buttermakers therefore do not receive appreciably 
higher salaries merely because they work longer hours. There are 

_ special cases, to be sure, in which the work to be done is heavy for one, 
but not enough for a helper, and a buttermaker is given an extra salary 
for handling the work alone. 

Hours per 1000 pounds of butter—Table X shows the range in 
hours. per 1000 pounds of butter. The average for the 88 creameries 
is 30.7 hours, and the ordinary range from 20 to 45 hours. As al- 
ready explained, this average is somewhat high because of over-esti- 

mated hours; the error, however, is surely less than two hours per 

- 1000 pounds and probably less than one hour. 


TABLE X 
‘ - Rance 1n Hours or Lasor anD MANAGEMENT PER 1000 PounpDs OF BUTTER 
, a No. of Average 
ae Hours per 1000 pounds of buttér creameries of 
3 in group group 
S. Hours 
UG SR 2Gio6 io 056 00 St Se eee eae ata ‘8 17.0 
TICLE Mr teMOR SM ge ta'p elects co) ctiecs\s)se s)- 2 leis Sslacc Colma gets ww iee 21 22.7 
Z 18 27-3 
15 32.3 
13 38.8 
12 58.5 
88 30.7 


| « Figure 12 shows, however, that the hours per 1000 pounds of but- 
_ ter decrease markedly with output. In general, every 100,000 pounds 
of output is accompanied by an average decrease of 4.5 hours of labor 
and management per 1000 pounds of butter. This average is expressed 
\ by the straight line. But an average line does not fit the facts very 
well, as the decrease is very slight, being for creameries between 
_ 400,000 and 800,000 pounds of output at the rate of only 0.3 hour 
_ per 100, 000 pounds. But between 50,000 and 150,000 pounds, the 


~ 
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decrease is at the rate of 60 hours peg 100,000 pounds. Thus a curved - 
line bending sharply around 200,000 pounds of output describes much 
more accurately than the straight line the relation between output and 
time requirement of labor and management. The manager of any 
creamery can determine from this curved*line what his hours per 1000 
pounds of output should be, unless there are some other causes | 
operating. 

The reason for the very slight saving in labor and management | 
with increase in output after from 300,000 to 400,000 pounds is ~ 
reached, is partly that cheaper help, working less rapidly, is hired for 
some of the ordinary work, such as packing butter and cleaning, and © 
partly that from this point on nearly all operations are performed with — 
a full load, and increasing output simply increases by so much the 
scope and number of operations. Under 300,000 pounds, churns, 
ripeners, power plants, etc., are run at less than full capacity, yet re- 
quire about as much time as they would if run at full capacity. In 
the smallest creameries, even the buttermaker has to put in much time 
when he is not fully occupied. 

Seasonality of milk flow—The receipts of the heaviest month of 
the year determine in many cases the amount of help hired, for it is 
not always practicable to hire extra labor for part of the year. Only 
19 of 88 creameries employ part-time help (other than for manage- 
ment, bookkeeping, and the like). One would expect, therefore, to 
find the creameries with heavy summer receipts and light winter re- 
ceipts using more labor. The 15 creameries receiving over 12 per cent | 
more milk in the heavy months of the year than in the light months, — 
after allowance was made for difference in output, used two hours 
more of labor for each 1000 pounds of butter than the 12 creameries — 
receiving less than 7 per cent more butter in the heavy than in the | 
light months. This is a difference of more than 6 per cent. : 

Convenience of arrangement.—At the time of the survey, the cream- 
eries were roughly classified into three groups as to convenience of 
arrangement. Table XI shows the results of this classification, At 42 
cents per hour, the conveniently arranged creameries saved $2.23 per — 
1000 pounds of butter, or $445 for a 200,000-pound creamery, over | 
the very inconveniently arranged creameries. 4 


TABLE XI 


RELATION OF CONVENIENCE OF ARRANGEMENT TO LABOR 


Arrangement No. in group Hours per 1000 Ibs.* | 
Convenient (5 irnioeen oeiaaialeccsen oun ornetrere is otecineeceine OSes 15 28.7 
Somewhat dimeomvertent suo cs os. Mle halee ce pee hee acre 6 55 6130.4 
Viery inconvenient: (:csise sitiec crass a ile omn icine ororttas nee 21 34.0 
Allitoreameries iiss. so atesaredacvdiie Subse oe Rae Eerie 88 30.7 | 
OA eee 


* After allowance was made for differences in output. 
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Rates per hour—tThe rate per hour for each employee was obtained 
by dividing annual salary by hours per year; and average rates per 
hour for each creamery by dividing the annual payroll (excluding sal- 
aries of treasurers and directors) by total hours of labor and manage- 
ment per year.11 Table IX gives hours per year for different classes 
of employees. Table XII gives annual salaries by classes of employees ; 
Table XIII, by classes of employees in different combinations; and 
Table XIV, the rates per hour in the different combinations. The sal- 
aries of buttermakers increase with the size of the labor force and 
output of creameries for all groups with enough creameries to give a 
good average. For the 8 creameries with no helper, the average is 
$1669; for 13, each with a part-time helper, $1742; for 22, each with 
a full-time helper, $1726;'° for 8, each with two full-time helpers, 
$1806. All but 19 of the buttermakers covered in the survey received 
salaries between $1400 and $2100. The lowest salary for the butter- 
maker was $1000; and the highest was $4000. Nine received salaries 
under $1400, and Io salaries over $2100. Between $1400 and $2100 
the distribution is very even, 9 receiving from $1400 to $1500, and 
g from $2000 to $2100, and about the same number for each wage 
interval between. Managers’ salaries are very erratic, ranging from 
$1300 to $1600 for several part-time men, to $4000 for one full-time 
man. Several others were over $2100. 

Where managers are full-time men, either doing little but look after 
the business details, as in the very large creameries, or combining this 
with buttermaking, their salaries are larger than those of buttermakers. 
In such cases buttermarkers’ salaries are likely to be reduced, some- 
times to the level of experienced helpers. 

Salaries of first helpers also increase consistently from $742 for one 
helper with no secretary to $908 for one helper with a secretary, and 
$1185 for two helpers with a secretary. In the largest creameries 
the second helper draws as large a salary as the first helper. Salaries 
of secretaries and bookkeepers likewise increase regularly. Most of 
the salaries of helpers are between $700 and $1200, only 6 ‘receiving 


1Tf the question of cost by seasons was involved, or of different products using labor 
at different seasons, this method would be objectionable, for some of the labor and equipment 
of a creamery is required mostly for the early summer months of heavy receipts. However, 
_there is no question of alternatives here, for a creamery has no choice except to take the’ 
cream when it comes. 

There is, however, one serious objection to this method, namely, that it does not give a 
correct distribution of labor and management costs to different processes. In large creameries, 
men of different degrees of skill and experience are employed at different rates to do the 
receiving, churning, cleaning, packing of butter, record-keeping, etc.; in the smaller creameries, 
one man may do all of these at one contract rate. The salary rate in such a case is really 
a combination of rates for different tasks; but it does not appear so in the contract, and there 
is no very satisfactory way of making the separation. 


12In many cases the helper is really a second buttermaker, in which case both receive 


about the same salary. 
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more than $1200, and 7 less than $700. Those receiving $1200 and 
more of course have had experience or training as buttermakers, or 
both. Those receiving the lowest salaries are either boys or, in a few 
cases, part-time helpers. c 

These are the salaries prevailing in 1919. There has been both 
an increase and a decrease in the salary level since then. 

Reduced to rates per hour, buttermakers’ earnings do not increase 
in” general with the size of the creamery—longer hours in the larger 
creameries apparently offset the slight increase in salary. The ordinary 
range is between 40 and 70 cents an hour, and the extreme range 30 
and 92 cents an hour. Ten are receiving less than 40 cents an hour, 
and 13 over 70 cents an hour. 

TABLE XII 


AvERAGE ANNUAL SALARY AND Forms In Wuicu Ir Is REcEIVED 


No. of 


Employing creameries Cash salary Perquisites Total 
employing 

Buttermaicet yt arrateaieiee esse oe IS 88 $1634 $115 $1749 
HMlelpersi (full! time) so). 2iipise rte «clenee cetera 60 991 991 
Helpers e(part time) era dese sista atertaces 24 98* ; ise 98* 
MeeretaniGsay.-.... i sacmtae cadence hemes warzone 66 357 3 360 
IBOOK KE Pers yea vel Gynec semetere asite ae 16 662 Get _ 662 
Managers deccmis eats ceeete aloe aue tate 18 1420 40 1450 


* Per month. 


First helpers’ salaries average 31.2 cents per hour as compared 
with 54 cents for buttermaker-operators. It will be noted that when 
second helpers are employed, the first helpers receive considerably 
higher pay than when only one helper is employed. The rates for first 
helpers increase as the size of the business increases, from 23.7 cents 
an hour to 28 cents, then to 34.5 cents when a second helper is taken 
on, and finally to 46.8 cents when a third helper is taken on. The 
rate when one helper alone is employed averages 27.6 cents an hour. 
If second helpers where two are employed and third helpers where 
three or more are employed are averaged with these, the rate is 28.3 
cents an hour. The average of rates for first helpers when a second 
helper is employed combined with rates for second helpers when three 
or more are employed, is 36.7 cents an hour. Averaged on this basis, 
which more nearly represents the facts, the rates range as follows: 
46.8, 36.7, and 28.3 cents. The ordinary range in helpers’ salaries is 
from 25 to 40 cents an hour, but 8 receive less than 25 cents per hour. 

Bookkeepers are paid higher rates when they do the secretary’s work 
than when a secretary is employed in addition. However, in the case 
of the 8 creameries having both bookkeepers and secretaries, 4 listed 
as secretaries are also bookkeepers, and those listed as bookkeepers are. | 
really bookkeepers’ assistants. The average rate for bookkeepers, 51.6 | | 
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Fig. 13. Relation of Output to Rate per Hour for Labor and Management 


The average rate per hour is about 48 cents for 100,000-pound creameries, and about 
- 40 cents for 50,000-pound creameries. The average rate of decrease, indicated by the straight 
line, is 1.2 cents per hour for each additional 100,000 pounds of output. The actual decrease, 
however, is according to the curved line, and much more rapid under 250,000 pounds than 
above this point. 


cents per hour, is therefore too low (probably 2 cents), and the aver- 
age rates for secretaries, 46.8 cents per hour, is too high (probably 
0.6 cent). Buttermakers and_bookkeepers are therefore paid at about 
the same rate, and secretaries at a somewhat lower rate. : 2 
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HOURS PER 1000 LBS. AND RATE PER HOUR (INDICES) 
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LABOR AND MANAGEMENT COST 


PER 1000 LBS. BUTTER (INDICES) 
Fig. 14. Relation of Hours and Rate per Hour to Labor and Management Cost 


In this diagram rates per hour have been reduced to percentages or indices of the average 
rate per hour; and similarly hours per thousand, to percentages of average hours per thousand; 
and the same for labor and management cost per thousand. Only in this way can the effects 
of rates per hour and hours per thousand be compared. Taking creameries as they’ are, it 
appears that rates per hour 50 per cent above the average are accompanied by a 13 per cent 
higher labor and management cost; whereas hours per thousand 50 per cent above the average 
are accompanied by a 4o per cent higher labor and management cost. The other set of lines 
shows that if creameries all had the same output, the effects would be much less pronounced. 


The rate given for managers, 58.5 cents, is not an average for real 
managers, it includes the rates for men bearing that title whose services 
are of a very miscellaneous nature. And where the manager has this 
work as a sort of avocation, he may put in time out of all proportion 
to his salary. The range is from 32 cents an hour to $1.08. 

Table XV gives the range in rate per hour by creameries. It is ~ 
as much due to averaging salaries of high- and low-priced employees - 3 
in one creamery as it is to difference in salary levels in different cream- 
eries. Table VII shows this conclusively—in the creameries with two © 
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or more helpers, the average rate per hour is 40.7 cents as compared 
with 49.9 cents in the creameries with no helpers. Thus one of the 
economies of larger output is that it permits division of labor and 
hiring of cheaper help for the work requiring less skill. The same 
result appears in Figure 13. The straight line, which represents the 
average for all outputs, indicates a decrease of 1.2 cents per hour for 
each 100,000 pounds increase in output. According to this ratio, 
500,000-pound creameries would be hiring labor 5 cents less per hour 
than 100,000-pound creameries. The curved line, however, which fits 
the facts better than the straight line, indicates that for creameries 
under 250,000 pounds, the rates increase rather rapidly with decrease 


in output. 


TABLE XV 
Rance 1n Rates PER Hour ror Lapor AND MANAGEMENT BY CREAMERIES 

Groups No. in group Average rate for group 
Cents Cents 
LOT Ge ” 205. SE Fe 5 ot DSI EE Re eee 9 27.9 
EG) TRY AS AL Sie I Ee Begg a Oe Cn Ge Ee 6 32.6 
TOSS NOSIS a PP 14 37.8 
PCM RAUCH PON ictateN ele ieiieithele!'s"(citre) olefena ab nife e, s'm fey © wl elisile,n'pious..o's 24 42.3 
ERS CLON eM Pet a ainda ie patie io iy (nfs G20 10 "a \e ele elena je wiahe oie 8s II 47.3 
SRIRAM eae eat al oer tiieeahatianese:2).0\ <ile a 6 /ei biel aie e)(alae ai'e (a's, © 8 B22 
MCG MME RN AWG icles oteisicitoa.sbs.6.e ac eied vie dois wie eee? 56.3 
OL EIS a ee de 9 66.7 
PMCS AI ELIO SY fet cools ci thes nv: vate: ai elieve e's. c) o's) sie'e 9,0)si ace 88 43.1 


By using this curve in the manner previously explained, any man- 
ager can determine what average rate per hour he should be paying 
for labor for a creamery with his output, other things being the same.'* 
If his labor is costing him at a higher rate, he will find in many cases 
that he is using too high a proportion of the higher-class labor. Of 
course, as will be indicated later, he may be getting a quality of product 
which more than makes up for the extra cost per hour. 

As already explained, rates per hour do not increase quite in pro- 
portion to salaries, as the more highly paid men work 42 more hours per 
year for each addditional $100 of salary. This means that employees 
receiving $2000 for a year’s work, on the average work 210 more hours 


than employees of the same type receiving $1500 per year. 


Labor and management cost per pound of butter—Table XVI 
shows the range in cost of labor and management per 1000 pounds 
of butter. The extreme range, not shown in the table, is from $8 to 
$31. The average is $13.20. As already explained, labor and man- 
agement cost per 1000 pounds of butter is the product of the number 
of hours multiplied by the rate per hour. It varies, therefore, with 
both these factors. Figure 14 shows these variations graphically. 


vy) 


48 Assuming the same salary level as in 1919. 
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TABLE XVI 

Rance 1n Lazor AND MANAGEMENT Cost PER 1000 PouNDS OF BUTTER fs 

Groups No. in group Average for group 
MITdEe: “Sale Bertani states aie eRe sere beter tam ees deta ore _12 $8.80 
ETOr SOM ada c newts Catal e eucuste oles e meee bneceeel sist on Sitar qaiarents 29 11.60 
Seip CO PLO: daxe eeetret ou io al sie tek oie ere ig abe Cohemernr vPal visits oiie ameter ate 19 14.30 
TiO. CO® MEG. ctotetteysietnte ete rael oho nia tidiouetel ake ai euetere cielers Io 17.10 
HONG OTP Clea senit comic ainOroInOo wo the WeaaecnC Adc Bic UR oS anucete 8 20.50 
Over BO) Mudcat ome etamaneisl OEM ae reur auetes tenicnim chars eh aecrene 10 27.50 
ATI OCHEDIEHIES tre icine diss eayshs Meieisiacs Pensa eae keer 88 $13.21 


After correction was made for the errors of overestimates, it 
was, found that a difference of 10 per cent in the rate per hour, other 
things being the same, is accompanied by a difference of only 2 per 
cent in labor and management cost; while a difference of 10 per cent 
in number of hours is accompanied by a difference of 18 per cent in 
labor and management cost. This is indicated in the diagram by the 
greater slope of the line for hours per 1000 pounds of butter. Reduced 
to a unit basis, a difference of 10 cents per hour, other things being 
the same, accompanies a difference of only 62 cents per 1000 pounds, 
and a difference of 10 hours per 1000 pounds of butter accompanies 
a difference of $3.45 per 1000 pounds. This can only mean that the 
higher rates of pay, for various reasons, are accompanied by fewer 
hours per 1000 pounds of butter, and conversely, the more hours by 
lower rates of pay. This is evident from Figure 15, which shows that ~ 
especially the creameries with average rates under 50 cents per hour, 
average more hours per 1000 pounds of output. This must be due 
to the greater capacity and efficiency of the more highly paid workmen. 

The most important of the other things not the same is output. If 
creameries were all of the same size, the results would be less pro- 
nounced, for as already pointed out (Figures 12 and 13), the cream- 
eries with the lowest number of hours per unit of output are likely to 
be the largest ones, and these also have the lowest rates per hour. 
Figure 14 shows how much less the effect of the number of hours and 
rates per hour would be if the creameries were all of the same size. 

Figure 16 shows the variations in labor and management cost with 
output, the heavy straight line expressing the average relation between 
them, and the curved line the particular relation for any given output. 
Other things being the same, labor and management costs per unit 
of output for a creamery of any given output should be as indicated 
by the curved line. The cost per unit decreases very little above 
300,000 pounds. On the average, 100,000 pounds of additional output 
accompanies labor and management costs lower by $2.24 per 1000 


14 The error of overestimate, as near as could be determined, represented an understatement 
of 2.05 cents in the rate per hour for each 100 hours everstatement of hours. 
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pounds. A little of this decrease is due to the lower rates per hour 
of the large creameries—if rates per hour were the same, the decrease 
would be $2.06 per thousand instead of $2.24. If, however, hours per 
thousand were the same for all outputs, the decrease would be only 
$1.33 in place of $2.24. The lighter lines in Figure 16 illustrate this. 
Table XIII gives average labor and management cost according to 
the different combinations of employees. An economical combination 
| is the buttermaker-manager, secretary, and two full-time helpers. This 
gives the 8 creameries an average cost of $11.70 per 1000 pounds of 
butter. Another economical combination is buttermaker-manager, sec- 
retary, and one full-time helper, at $12.30 per 1000 pounds of butter 
for the 22 creameries. The 13 creameries with part-time helpers made 
44,280 pounds more butter per year than the 16 with no helpers, but 
the payroll cost was $640 more per year, which was almost proportional 
to the increase in butter output, resulting in costs of $14.70 as compared 
to $14.80 per 1000 pounds. The creameries with neither helpers nor 


40 


HOURS PER 1000 LBS. OUTPUT 
Fig. 15. Relation of Rates per Hour to Labor and Management 


| j ; ' The low rates per hour are accompanied by a high number of hours per thousand pounds 
| of output. The low rates arise from putting in long hours to poor advantage, and from the 
low salaries paid inexperienced slow workers. 


t 
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secretaries had a labor and management cost of $19.20 per 1000 pounds 
of butter. This is because of the small output of butter. 

The creameries with managers have high labor and management 
costs per pound of butter if the creameries are relatively small. This 
is because the creamery has two highly paid employees. The 3 cream- 
eries, however, making an average of 475,000 pounds of butter and hav- 
ing both buttermaker and manager, have the lowest cost of any. This 
arrangement is very similar to a buttermaker-manager and two full- 
time helpers, and the costs are about the same. The buttermaker in 
one case is about the same as the first helper in the other case, and 
receives very little more salary. Such creameries are really large enough 
to have managers. 

Separation of labor and management cost—Table XVII shows the 
distribution of labor and management cost between labor, record keep- 
ing and correspondence, and management. The term “labor” as here 
used refers to the labor, mostly manual, of receiving, churning, and 
the like.° The proportion of management cost increases as more help 
is taken on, and the proportion of labor cost decreases. Part of the 
reason for the increase in the proportion of management cost is higher 
rates of pay, and for the decrease in the proportion of labor cost is 
lower average rates of pay, because part of the labor is low-priced. 
The percentage of, total hours devoted to labor is only one half per cent 
less for creameries with two or more helpers than for creameries with 
no helpers. The percentage of total hours devoted to record keeping — 
and correspondence decreases with output, but the rates are somewhat 
higher. Reduced to a unit basis, the lower the labor and management 
cost per pound of butter, the smaller the proportion of it which is 
labor, and the more of it which is management and recotd keeping and 
correspondence. This is because the larger creameries have lower costs 
and more management. ; 

The separating of the three classes of work in a creamery was of 
course difficult. In only the largest creameries are managers hired to 
do managing only. The buttermaker-manager does much of his man- — 
aging incidentally; he makes his plans while he is packing butter or — 
figuring over his accounts. Management is directing other men at 
labor. As a, part of this, or necessary to it, is included organizing the — 
business, laying out the work, buying and selling, hiring, borrowing — 
money, negotiating with patrons, travel, correspondence, and the inter- — 
pretation of records and study of conditions necessary to the foregoing. 


15 The only excuse for using the term “Jabor’” here is the want of a better one. 
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Time spent by the manager in actual correspondence and record keep- 
ing, however, was separated out. Record keeping was defined to in- 
clude the bookkeeping and work upon the records. The recording of 
weights, tests, and the like was counted’as labor at the various processes. 

Labor, according to Table XXII, represents 73 per cent of the 
labor and management cost, record keeping and correspondence 18.6 
per cent, and management 8.4 per cent. 
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OUTPUT IN THOUSAND POUNDS 


$5 10 15 20 25 30 35 
COST OF LABOR AND MANAGEMFNT PER 1000 LBS. OF BUTTER 


Fig. 16. Relation of Output to Labor and Management Cost 
These curves should, be read exactly as explained for Fig. 14. The cost per thousand for 


100,000-pound creameries averages $21; for 300,000-pound creameries, $12, that is, reading 


from the curved line. The straight lines express the average effect of output on cost.'! If the 

larger creameries paid as high rates as the smaller creameries, the effect of output would be some- 

what less; and if they used the same number of hours per thousand, it would be a great deal less. 
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When labor is analyzed in detail, as were labor and management 
combined in the preceding pages, labor costs vary with output at the 
average rate of $2.04 per 100,000 pounds of output in place of $2.24 

_ for labor and management combined; with each ten cents additional 
rate per hour at the rate of 86 cents per 1000 pounds of butter, in place 
of 62 cents for labor and management combined; and with each ten 
hours additional per 1000 pounds of butter at the rate of $4.30 in 
place of $3.45 for labor and management combined. Table XVIII 

| shows that the labor cost per 1000 pounds of butter is $9.60, repre- 
senting 22.9 hours at 42.1 cents per hour. 
TABLE XVIII 


Rance In Lazor Cost PER 1000 Pounps anp RELATION TO OTHER Cost Factors 


No. Average Labor Labor 
Groups in for per cost Output 

group group 1000 lbs. per hour 

Hours Cents Lhs. 

RU ICTNI SPE OMS sit. Sania 'es Sivas 20 16 $6.40 16.6 38.5 429,403 
DUPE OU TOMEMO Oe yetcre ics wie ave, ocsie dios v2 15 8.30 19.5 42.7 269,017 
Ol tO. TO.5O.e oe sis So ey el 20 9.50 23.7 40.2 211,591 
i ape NNR PEs MO ceatintts fea ates) a'7s 61 0) 0! otto 12 11.20 24.9 45.0 192,517 
4 Pea SENS ODN leyaks Wnisi(s)s! en's ia%s,.0e © a0 6 13.10 28.5 46.1 128,567 
— * Over AMOR crateinie vice sis «sic 19 19.10 43-3 44.0 118,431 
I; EAMES GECAIMETICS. ics lore mic vie’ us wes 88 $9.60 22.9 42.1 233,304 


4 This means that a 10 per cent higher labor rate in the various 

_ creameries, taking other conditions as they are, is accompanied by a 
3.8 per cent higher labor cost; and 10 per cent more labor hours by 
10.2 per cent higher labor cost. Table XVIII gives the ordinary range 
in labor costs. 

Table XIX shows that when the creameries are grouped according 
‘to the number of helpers, the hours per 1000 pounds output are nearly 
a the same, but that the rates are much lower for the creameries with 

helpers. 


: TABLE XIX 
LABOR PER CREAMERY CLASSIFIED ACCORDING TO NUMBER OF HELPERS 


__No. of One Two or more All 
helpers helper helpers creameries 

(28)* (40) (20) (88) 
\ Output, OE cy _ 125,898 225,077 400,231 233,305 
MMITAUORMNOUIS fs cui csc ees avws ae sens ees 2830 5384 8800 5348 
«1S 0112 0 SS ete Gene oe eee $1481 $2165 $3500 $2250 
_ Labor cost per 1000 pounds of butter. $11.80 $9.60 $8.70 $9.60 
_ Labor hours per 1000 pounds of bytter. 22.5 23-9 22.0 22.9 
Labor cost per hour, PETES otceitaievera tie, «fers s 2 52.3 40.2 39.8 42.1 


_ ™Number of creameries. 


To the above management cost must be added the salaries paid to 
directors and treasurers, averaging $89 per creamery for the 88 cream- 
eries, as indicated in Table XX. Only 23 of the 88 paid salaries to 
sir treasurers, and only 63 to their directors. 
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Table XXI shows the increase in payroll, including salaries of 
treasurers and directors for the 88 creameries, according to output. 
This table should be useful in determining the reasonableness of the 
payroll for any size of creamery. It must be remembered that this 
payroll is on a 1919 basis. Table XXII also shows the direct distri- 
bution of labor cost to intermediate and process accounts. The labor 
element in power, general maintenance, and cleaning is later redis- 
tributed to receiving, testing, and the other final process accounts, so 
that the total labor element in these final process accounts is greater 


than here indicated. 


TABLE XXI 
RELATION OF PAYROLL TO OuTPUT 
No. Payroll 
Butter output in Total Butter per 
group payroll output 1000 pounds 
Pounds Pounds 
MAMET NE OO;OG0's siec.c ciocve tise ces 10 $1976 73,788 $26.78 
EGO,ONO* 10 T5O;000 5. vcs ore siete 19 2371 127,353 18.62 
150,000 t0/ 2005000. 03... .-0052 + a 2748 184,394 14.90 
200,000 tO 250,000.......+.+02- 15 2889 215,224 13.42 
250,000 tO 300,000.........-+5. 10 3503 274,471 12.76 
300,000 to 400,000............. 5 4018 331,792 12.11 
400,000 and over.............. 12 5862 541,543 10.82 
_All creameries............ 88 $3186 233,304 $13.65 
} TABLE XXII 
DistriBuTION oF LaBor AND MANAGEMENT Cost 
Per creamery 
Accounts to which distributed — - - - 
Amount Per cent of total 
MeSPHA Eerie TINT State ocr e Aiea vie dove. be ois avele oe podme es $2250 73.0 
LEQ MEEE 5 ane it BIBI DE OSGeo aes $176 5.7 
General maintenance’ ..(. 6. ..5 62 pe eeee eee on 50 1.6 
ANGE Sie 2A Sag 0 ORC Ee eee 427 13.9 
TUS EUR SG .o diag WS OAC oR eee 278 9.0 
PPepatation efOr (COUT. sc6s 6 tev see cies 156 5.0 
CESS CNT? 5 218 Gin De 307 9.9 
reparation: for market...0..2. 052.6. .e.0805 464 15.0 
MN ee RATE rei Rayo) e 5 8 oc wicte) aele cele sve.0 «8 0 eve 348 11.4 
Pou seIIOSMEN TNS eect eis scasclcta 8 i avve tele were 43 1.4 
. Record keeping and correspondence............ 7 575 18.6 
Beemiautgement (overhead) 220... 052... 0.2. 05. 260 8.4 
ROE 28 Cie LOC ae ea See aia te $3085 : 100.0 


SPACE COST 


‘Space cost includes building cost and site cost. Together, these 
constitute 11.7 per cent of the total cost of operating creameries. 


B Building cost is 93 per cent of the total. Building cost and site will 


a 


be discussed separately and then combined. 
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SQUARE FEET OF FLOOR SPACE 


10 
SQUARE FEET OF FLOOR SPACE PER 1000 LBS. OUTPUT 
Fig. 17. Relation of Output to Floor Space 


Building cost per 1000 pounds of butter may be considered as 
the product of the number of square feet of floor space times the 
annual cost per square foot of this floor space. Site cost can be sim- 
ilarly reckoned as ground space instead of floor space; however, in re- 
ducing site cost to a cost basis, it was calculated on a floor space basis 
so that it could be combined with building cost. . 

Floor space.—The ordinary range in floor space as given in Table 
XXIII is from 1500 to 3500 square feet. Only 7 out of 88 were 
over 3500 square feet. The largest creamery included in the survey 
had 5493 square feet of floor space and the smallest, 705 square feet. 
Figure 17 shows the relation of output to floor space. For the group 
of creameries with outputs between 250,000 and 400,000, there is a 
relatively smaller increase in floor space with output. This is because 
of the bunching at this point of quite a number of creameries that are 
running at or above full capacity. Above this point is an increasing — 
number of new creameries built larger than needed at present. 

The curve in Figure 17 can not be used as an altogether safe guide 
as to the size of creamery needed for a given output, because there are 
more creameries running either over or under capacity at different points ~ 
on the curve. In general, however, it indicates that floor space in- — 
creases with output at the rate of about 450 square feet for each 
100,000 pounds of output, starting from 1900 square feet oe 100 ,000 
pounds. eee. 


“ 
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The other curve in Figure 17 expresses the same relation in terms 
of floor space for 1000 pounds. It shows that the efficiency of use 
of space increases rapidly only up to about 300,000 pounds. One im- 
portant reason, however, that efficiency does not increase more rapidly 
with the larger outputs is that there are more oversize creameries in 
these groups. The three creameries with floor space of over 4000 
square feet have a very high degree of utilization. 
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Fig. 18. Floor Space by Departments and Output 


Figure 18 shows the division of floor space between departments 
of the plant for creameries of different outputs. Table XXIV gives 
the average for 65 creameries, and also readings from Figure 18 for 
creameries of 100,000, 300,000, and 500,000 pounds. Similar readings 
for any other output can be made from the diagram. Space for the 
storage of ice and supplies has been omitted because many creameries 
have neither, or perhaps store their supplies upstairs. 

The figures for boiler-room space combine creameries using and 
those not using electric power. As will appear later, creameries with 
electric power average only 35 square feet less floor space than those 
using no electric power. It is likely, however, that if creameries built 
in the first place to use electric power could have been segregated, 
there would have been a greater difference. As it 1s, boiler-room floor 
space varies greatly between creameries from 10 per cent to over 23 
per cent of the total floor space. The proportion of the total floor 
space is larger in the smaller creameries than in the larger ones. 


TABLE XXIII 


Rance In Fioor Space or 88 MiInNESOTA CREAMERIES 


No. Butter 

Floor space Gi output 

y { creameries in 1919 
Sq. ft. Lbs. 

MEER IMEC OOS oie ae n\a,cipi sien ait ssn cite are Siinlece Sip seie2ele Bate 6 149,900 

PERM OLEAD OU chelate ald vs) 6, <) 0:2) aoe esp chia lave te SE. Oe Cee ae 17 152,700 

EMO M 2H OO yet s ovate e'ersiie,.0 8) sar sve 'val cad pea xtiea ICES CREE 22 229,700 

BURRITO SOUO ee ain agin Seti <1. sn de eins Gas ie ieee ce 25 262,500 

IED AGO slalom tare cteys «pete oleic ese es re ele ses ecias 12 292,800 


3500 ION eet ets te in aio) glial siisls psihalyre ce case wrenbie ase ini 6 302,500 
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TABLE XXIV 


Fioor SpAcE FOR CREAMERIES OF VARIOUS Sizks, SQUARE FEET* 


Machinery Work- 


Output Office Receiving Refrig- Boiler work - room 
room erator room room space 

Lbs. 
POOL OOOH... (actertatene orev aslloiiels 55 70 90 285 185 740 
FOOSOOO © Nirc-sreha operate eee oer 85 120 135 495 320 1060 
FOOSOOO! wiisets etelevatsveteteccds ie sts II5 170 170 700 430 1500 
Average of 65 creameries 75 95 120 410 280 930 


* Not including space for storage of ice and of supplies. 


Office space is also very irregular. For example, the office floor 
space for the creameries with outputs between 400,000 and 500,000 
varies from 30 to 300 square feet. The proportion of office space 
increases with the larger creameries. This is because the larger cream- 
eries are likely to have more business in proportion to their output 
than the smaller ones. 


COST PER SQUARE FOOT 


1897 1900 1905 1910 1915 1920 
Fig. 19. Building Cost per Square Foot, 1897 to 1920 


The data are based on the buildings actually erected in these years combined with the 
Bureau of Labor data on the costs of building materials‘and labor. They are, of course, only 
approximations. 


The proportion of space actually occupied by machinery decreases 
with output; a creamery with 500,000 pounds output has about two 
per cent less of-its total space actually occupied by machinery than a 
100,000-pound creamery. The proportion of space in the workroom, 
however, increases with the size of the building. This can only mean 
more work space around equipment, more passageway or more extra 
space. The proportion of refrigerator space decreases slightly with — 
output, but this is partly because more of the larger creameries are 
using ice machines. 
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There is clear evidence that much space is wasted in many cream- 
eries in departments of the plant which are larger than need be. On 
the other hand, many plants have departments which are cramped for 
room merely because of poor planning. 

Convenience of management of the plant is also a factor in utiliza- 
tion of space. In the more convenient plants, less space is wasted in 
passageways and in work space around machinery. A group of 22 
creameries indicated as “inconvenient,” after making allowance for 
difference in output, used 1.8 more square feet per 1000 pounds of 
butter than the group of 16 “convenient” creameries. This 1.8 square 
feet is 16.5 per cent of the average. 

One important factor in floor space and cost is extra space for 
expansion of business. It was difficult to determine this, because 
what might be extra space is frequently used up by leaving more space 
around the equipment. Only when unused space was unoccupied was 
it counted. On this basis, 56 of the 88 creameries had extra space 
as indicated in Table XXV. This extra space makes the relation be- 
tween output and floor space somewhat irregular. 


TABLE XXV 
Extra SPACE FoR EXPANSION, SQUARE FEET 
Average for group Average cost 
No. ASS Ss = SS SS 
Groups in Per Per 1000 Per Per 1000 
group cream- pounds cream- pounds 
ery butter ery butter 
Sq. ft! 
MEGEBGtHGIE TOO cbse a ceri se wets ve 16 68 0.33 $39 $0.19 
ROMROES OO era srsiaie ts 7610 (aiisilo'el sae 6 nik 19 151 0.19 98 0.32 
PAO CHG OOr ret ey aialg) cits cia tele bs od > ne 255 1.34 108 0.57 
QE TS (0D chen ae Simcha aac eee 5 358 1.96 192 1.05 
BOORLOUSOG iam cle c\eis eisisie 3 co's eae A nae Acre os eee 
ROR TANG OO mise afe) =) Diatyic,e lsc sie view ee 4 820 1.95 625 1.49 
All creameries............. 56 216 0.88 $127 $0.52 


Other factors affecting the utilization of space are seasonality of 
milk receipts, efficiency of labor and management, and proportion of 
-butterfat received as milk and cream. The creameries receiving over 
II per cent more of their annual milk supply during their heaviest 
month than during their lightest month, after full allowance was made 
for difference in output, used on the average 5.5 more square feet 
per 1000 pounds of butter than the creameries receiving less than 8 
per cent more of their milk supply in their heaviest than in their 
lightest month. | 
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TABLE XXVI 
VARIATION IN FLoor SPACE PER THOUSAND Pounps OvurputT, SQUARE FEET 


No. Average 
Groups in of Output 
group : group f 

Uisader WO. Cae cemeteries civcimad cin hegeto tee 7 4.5 521,611 

BUCO LO cae oo AM Tete ci cocks, sliatae <iatacvaveauatiye 26 7.9 309,522 

DON LOLS ovavg taeda ene es tere ae ws anata ee i eves 16 bh ty 119,982 

TS" 40 3 Gk ar Nea Pasha el adore apaat eros a letager ate 23 D5.0s 171,883 
EEO) SIs arte tserm ter ar ay abeuntirmwan ete cls cae ogee ise ke hea 10 20.4 327,316 

ai matict S(O Veremeeamte. Grew incr ATi rene ere eh ae 9 29.9 89,850 

All PereamerieS:..< com via Sheree Bene ates QI 10.8 230,011 


Because of the combination of all the foregoing factors, there is a 
wide range in the utilization of space. Table XXVI shows that even 
the ordinary range is from 6 to 22 square feet per 1000 pounds of 
output. 

Creamery sites.—Table XXVII shows the size of the building sites 
occupied by 80 creameries classified as to whether located in cities, 
villages, or the country. In cities, an ordinary city lot is most com- 
monly used; in villages, a half-acre; and in the country, a half-acre 
or an acre. 

Se) TABLE SOV tT 


S1ze’or Lor Occupiep By 80 MINNESOTA CREAMERIES 


Size of lots Number of creameries occupying lots of varying sizes in 
in fractions - — -——: - 
of acres E Cities Villages Country Totals 
BREG ciced conv wiche atetnousks ceo See raNt is ae 2 2 
MEA ONtisnere <ab¥s scape Ree Nata a Te eR SR 7 I ae 2 
Between one and two..........:.. I 5 2 8 
DEE. oon Shia cher: treenes Selo iets: 9 whee 3 5 6 14 
Between one and one half......... Z 7 I 9 
One Phalt seieerie caer duispte eee terete I I 5 17 
Between one half and one quarter. . 4 4 Ree 8 
Ohiigy ngtralete i ca as alert ttle are (Sa 4 ’ 10 
Under one quarterin vos te si ewie aes 6 4 10 


Building cost per square foot of floor space-—Table XXVIII shows 
that interest on investment is the largest, expense connected with the 
creamery building, constituting 50.5 per cent of the total. The vari- 
ous expenses were computed as follows: 

Interest—Interest was computed at the prevailing rate on similar 
investments in the locality. The rates used were 6 per cent for 4 cream- 
eries and 7 per cent for 84 creameries. An attempt was made to value 
buildings on the basis of cost of construction at the time of the survey, 
less depreciation to that date. It was only partly successful. The aver- 
age original cost of construction of the 88 creamery buildings was 


$7304. If they had been constructed in 1920, they probably would — 


have cost $12,890. The depreciation on this basis would have been 
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$3530, making the 1920 valuation $9360. The depreciation on the 
original cost basis of $7304 would have been $2008, making the 1920 
valuation $5296. The actual valuation obtained was $7400, which is 
almost exactly half-way between the two.1® Interest was based on this 
$7400 valuation. 

As will appear later, this was an unsatisfactory method of com- 
puting interest charges. Interest should have been based on the aver- 
age value per year throughout the life of the building, in other words, 
one half of the present cost of reproduction. According to the method 
used, brick buildings, because only one-seventh depreciated, have a 
much higher interest charge in proportion to their present value than 
the frame buildings which are three-fourths depreciated. 

Taxes.—The actual taxes paid were included. Income taxes should 
not properly have been charged to real estate, but it was impossible 
to make the separation in the annual reports of the creameries, and 
besides very few creameries paid income taxes. 


TABLE XXVIII 


Division or ANNUAL ExPENSES CONNECTED WITH 88 CREAMERY BUILDINGS 


Average expense Per 

= cent of 
Items of expense Per Per 1000 total 

Es cream- pounds building 

ery of butter expenses 
(OSE A Ace Cn CEE ee $113 $0.49 pare 
PRISMGANGE seat dias u0 ats os cues ss 32 0.13 3.0 
1) SLX ni) de ee iris 2.21 50.5 
WEPLECIALON  vicrniea sche e ss ce es 263 1.13 25.9 
i MWAIHUCNADCE Fiiwe secs ec cee 97 0.42 9.5 
All building expense....... $1020 $4.38 100.0 


Insurance-—The insurance was computed by using the rate per 
year. Most of the creameries of the state are insured in the Mutual 
Creamery and Cheese Factory Fire Insurance Company of Minnesota. 
The schedule of rates on policies in this association is as follows: 


Sec. 3. A premium of one per cent of the amount of insurance ap- 
plied for shall be paid by the applicant on class A and B risks: 65 per 
cent of the A rate on class C risks and 50 of A rate on class D risks. 
The classification is as follows: 

Class A, wooden buildings equipped with steel stacks. : y 

Class B, wooden buildings equipped with brick stacks. 

Class C, buildings of stone, brick or concrete with wooden shingle 
roofs, equipped with brick or concrete chimney and stacks. 

Class D, buildings of stone, brick or concrete walls, the roofs of 
which are covered with fire proof material and equipped with brick or 
concrete chimney and stacks. 

; 16 This discrepancy may be simply because in periods of rising prices our notions of build- 
ing costs are sure to lag; or it may include a considerable recognition of the obsolescence surely 
‘present. 
- 3 i 
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In the levying of an assesssment the rate on class B shall be 80 per 
cent of the rate on class A and the rate on class D 50 per cent of the 
rate on class A. 

Depreciation—Annual depreciation was computed by dividing the 
1920 valuation of the building by its estimated life. The estimated life 
of a building was based on general estimates for the various types of 
construction, modified to fit the particular condition of the different 
buildings at the time of the visit. The estimated life of the brick 
buildings was most commonly 50 years; of the ordinary frame struc- 
ture, from 20 to 30 years, the range being 15 to 45 years, depending 
largely on the care received; of concrete buildings, from 30 to 50 
years; and of hollow-tile creameries, 50 years. There were a few 
combination brick and frame structures. The average life of these 
buildings was 27 years. These estimates represented the combined 
judgment of creamery architects, creamery operators and officers, and 
the man making the survey. 

Maintenance.—This includes the annual cost of labor, materials, etc., 
for repairs and renewals, such as painting and roofing. Labor is 
usually a larger item than materials. 

The ordinary range in annual cost per square foot of the creamery ~ 
building and site combined is indicated in Table XXIX. This cost is 
sixteen times as much per square foot, and eighteen times as much 
per creamery, for the 20 highest creameries as for the 10 lowest. The 
extreme range per creamery is from $80 to $3240, and per square foot, 
from 3 to 95 cents. 


TABLE XXIX 
Rance 1n ANNUAL Space Cost 


No. Average for group Annual space cost per creamery 

Groups in : 4 ‘siriet 
group Building Site ese pot Building Site Both 

Cents square foot Cts.'sq. ft. Cts. sq. ft. Cts. sq. ft. Sq. ft. Sq. tt Sau tt, 
Hess: thats t0/sguen cans oe 4.8 0.0 4.8 $106 $00 $106 
FO MO w2Oe cic eeieeeets 12 14.6 fies) 15.6 347 24. . e370 
OCU) SO siatelccdn viesr at 15 23-4 1.9 25.3 605 43 647 
Bon tOwdOn ae esis 13 32.8 2.2 / 35.0 722 45 767 
AD MOS Oeicraye Wea kiotoetao 16 43-3 1.8 45.1 IIIS 56 1172 
GO) (Gl OOvsie sa imletsbars 10 51.8 4.0 55.8 1262 96 1358 
Overt Ooms acest oataetcrele 20 70.3 5.8 76.1 1820 148 1968 
VAliecerejasieseran sits 88 40.7 2.0! 43.6 $1020 $72 $1092 


Part of the reason for this extreme range is difference in the cost 
of the creamery site. Table XXX shows the variation in site cost. 
The extreme range for purchased sites is from less than half a cent — = 
to ten cents per square foot of floor space. In addition, thirteen of 5 
the sites were either donated or leased for a nominal consideration. — 
On the other hand, one creamery with an output of 106,000 pounds 
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paid $5000 for its site; and a creamery with an output of 482,000 paid 
$8000 for its site. Eleven sites cost $200 or over. Tables XX XI and 
XXXII show the relation of site cost to type of community in which 
located. Creameries with locations in cities usually keep site cost 
within reasonable bounds by building on either one or two lots. 

TABLE XXX 


VartaTion In AnnuaL -Cosr or SITE 


No. Average Average cost 


Groups ; in for per 1000 pounds 
group group of butter 

Cents per square foot Cts. per sq. ft. Cents 
HSIQY EVE cs) siren erate 0 5 SO eRe ROR Ree eR ee eG) None 0.0 
DEES eo SS Ses oe ie CeCe ee ae ee 17 0.87 9.1 
oO UOGEL 5 § Auqo 0 OSD Ses D6 One RoE oC ee BeREeT EERE 27 2.24 '4.0 
EWU 3.3 Sah G Sita COTA EEC OETD OR Pao ete In 10 3.66 = 52.7 
EPMRL CN cd ream ATS Tete Reis robes a? Merge atcs ale! ol s)oi-v sie lacee eve 5 _ 5-29 50.2 
WS Di csbyic Sectoid Beek oi OR ee 3 6.87 63.4 
Bre cANA ONC eee iets Aa ees 720 etagiace (i <eke Senge ws 4 10.96 120.1 

NON ee Per ics at OD ira PRE CaP RR ae 82 2.88 30.9 


The average annual site cost is $72 per creamery. It consists of 
$67 of interest plus $5 of taxes. The attempted basis of valuation was 
cost to purchase at land prices in 1920, but, as in the case of buildings, 
this was only partly accomplished. The average first cost of the sites, 
as given in Table XX XI, was $1193. The average valuation obtained 
was $1720. The interest rate applied ranges from 2 to 5 per cent, 
being 4 per cent in most cases. The average was 3.9 per cent. These 
rates represent the prevailing ratios, as nearly as can be estimated, be- 
tween prevailing annual net incomes from land and valuations in 1920. 
The ratios between net incomes and values of farm lands in Minne- 
sota in 1919, as derived from the 1920 census schedules by C. R. 
Chambers, of the United States Department of Agriculture, ranged 
mostly from 2 to 4. The ratios for land in cities and villages are 


usually around 4. 
TABLE XXXI 


First Cost oF Sirk ror MiInnEsoTA CREAMERIES 


Location —— zs First cost of site 
omwmtty —s... J. Sogo nae ic Batons (SRE Dp ULMEE ROS OER tasnenr ais Crea FSO TES $227 
Village (edge of)........... settee es Fee EI OOS RIED AAS CERT AROS RT 5 623 
SN ar eer eta tenn MCN el scnc ec I-Polet Ra Asya a asejalener dia eee s-)vie sso e vlads Sana w aeses 1447 
Cost CEES, GPE) o.c cus 6:6 "Sern aL CREED oI ci ee 1612 

Ne Ns Cem OTS Rey Reem ae Poon oh nsec k a alan v5 oe. lear ole pce wc saaLene aifede syst ave a) age e Unie une 2316 
All creameries...... Nano 6s Gas hve oe oe Gritose Ae De OOp.0 eaeiGrn0 Os Gi Onn G $1193 


__ The extreme range in annual building cost alone per square foot 
of floor space is from 3 to 90 cents, and the ordinary range is from 
15 to 75 cents. The value of the building is of course the principal 
determiner of annual building costs; the other determinants are rate 
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of depreciation and.cost of maintenance, The wide range in valuations 
can not escape producing a wide range in annual space costs. Two 
buildings were valued at $500 each, one at $35,000, and one at $29,110. 
This range is of course due to two things, high original cost, and small 
amount of total depreciation because of the newness of the buildings. 


TABLE XXXII 


First Cost pER ACRE OF SITES FOR MINNESOTA CREAMERIES 


Location Average cost per acre 
ASOUBE TY esp tie tertttage owen sys eit oye ie ahi0) Atel Letsteaen tases Ssuafeod rea allel eal aces trae nee el eet $710 
Village or city (population) 
GebOe “AOD peite a vcaqeciayia to efieel ena, 5 ialiel cat aap utlata\iater earshot ate torhy ain tapcapel Oe en 2340 
BOD, TOGO aa tite ayayenale ella, ap dyere iatallay elena oho le NG Welw) oe alivhera sla veleiscs fel SA 6/e-9 ORC ene 2045 
TOOOALO | LOOO wie wselebe a: ce te bvacebannia wi whaneiartyatnvele ovata avetatee wets erect ares ee 5809 
 SBBGO! LO BOOS RK ale ace wala yb msrp hipoens al elm whe casks green Ta, SRI 6885 
BOO, £07 GOGO Ea ial=s egy misyator east we crercacenren ar re bieiphetenst cle joiele: sate Sette) Set ete ane 2564(2 only) 


POMOMATIA OVEN cain te Ne ate lons hehe ar.n ohn) earatanel a, veda is \iaice ts eerste: (atadans oie ea ee 7142 


Table XX XIII shows this relation in detail. The high construc- 
tion cost of the brick and tile buildings and their newness gives a 
relatively high annual interest charge. Lower depreciation and main-. 
tenance costs offset only a little. The higher cost of construction 
largely offsets the longer life, so that depreciation is only 2.9 cents 
less per foot for brick than for frame buildings. The brick buildings 
in 1920 averaged only 7.1 years old, and the frame buildings 18 years 
old. The first effect of this is that the brick buildings were therefore 
built under a higher price level. than the frame buildings. An attempt 


is made to correct for this in Table XXXIV. Figure 19 shows the 


changes in creamery building costs per square foot from 1897 to 1920. 
The figures are estimates based partly on actual creamery costs and 
partly on prices of building material and labor as published by the 
United States Bureau of Labor.* All were reduced to a 1914 price 
level basis, this being a better base year for such a comparison than 
1920. The brick buildings, if all were built in 1914, would have cost 
$913 less, or 33 cents (11 per cent) less per square foot; and the frame 
buildings $582 more, or 29 cents (21 per cent) more per square foot. 
Making allowance for this, the interest and depreciation charges on 
brick buildings would be 31.4 cents per square foot instead of 35.3. 


And the interest charge and depreciation charge on frame buildings |} 


would be 19.3 cents per square foot instead of 16.4. The maintenance 
charge would be similarly affected, because it is largely proportional 
to first cost. Thus, annual space costs on brick buildings would be 
reduced probably to 43 cents; and on frame buildings, raised to about 
32 cents. 


- it 

17 One of the principal difficulties connected with these data is the apparent improvement — 
in the quality of the construction, especially of brick buildings, in recent years. This was cor- 
rected for, but inadequately. 5 
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TABLE XXXIV 
AcE, Cost, AND TyPE OF CONSTRUCTION OF 88 CREAMERIES 


Average cost 


Type No. Average — 

of con- of age of Per creamery Per square foot* 

struc- cream- build 

tion eries ings When Tf built When Tf built 

built in 1914 built in 1914T 

Brick Joona 50 7.1 $9825 $8908 $3.50 $3.17 
Prame auc bina, tos 25 18.0 2810 3392 1.40 1.69 
Brick and frame. . es 12.4 5650 4058 2.47 2.68 
Coneréete: 2. seen 4 oes 4573 6142 2.04 1.81 
ikewi sic as Sone ee 4 6.0 8625 7735 3.36 3.01 

OAM gate tg eae ace 88 10.7 $7304 $7207 $2.88 : $2.56 


* Averages weighted by size of buildings. 
+ Adjustments made on basis of Figure 20. 


The second effect is that according to the system of valuation used 
the interest charge on brick buildings is based on a value depreciated 
by only 7.1 years, or 14.2 per cent, whereas frame buildings are based 
on a value depreciated 18 years, or 72 per cent. If interest charges 
for brick buildings had been based on an average of 50 per cent de- 
‘preciation from the values obtained in the survey, the average would 
have been $420 per creamery, or 15.0 cents per square foot. For frame 
buildings, the comparable figures would have been $243 per creamery, 
or 12.1 cents per square foot. 

If these two effects are eliminated, the comparable figures for build- 
ing costs would be as follows: brick, 31.5 cents per square foot; frame, 
38.4 cents per square foot. 

The maintenance costs given in Table XX XIII must not be ac- 
cepted as at all accurate. There is reason for believing that they are 
all too high. It was difficult to secure good estimates as to most of 
the items of cost included. ie 

It is probably true that brick buildings provide cheaper space than 
frame buildings, provided the brick creamery buildings do not become 
obsolescent long before they are worn out. As already pointed out, 
rapid changes are taking place in the whole organization of the cream- 
ery business, and no doubt many brick creamery buildings will go out 
of use long before the 50 years of estimated life is past. 

Providing cheap space, however, is by no means the sole objective 
in planning a creamery—a fraction of a cent more due to the quality 
of the cream received or butter made would easily pay the additional 
cost. 
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TABLE XXXV 


Cost oF ConstrucTION By Type oF BUILDING AND SIZE 


Cost of construction per square foot 


Floor-space pbs Brick Frame Concrete Tile Brick and 
(50)* (25) (4) (4) frame (5) 
Sqi tt: 
Less than 1500......... 6 ee $1.68 inet nee, ier 
BEOQELO 2OGO ner «/cheleie.sis's 17 $2.89 1.41 $2.10 $2.87 $2.91 
20001042500)... sede sss 22 2.32 E77. 1.88 5.81 3-44 
2500 to FOOO ols oie wanve, wee 25 3215 1.35 2.2 PWeioes 1.38 
000" tO 350006% coe en. 12 3-91 pyeseie pease 2.72 aie 
BSAC LTOMAO0O 2 aso siars cheys « 3 4.94 0.99 soos axereS eeiate 
4000°tO 4500....-...... 2 5.88 
4500) and ovet... is... 2\00 54 5.64 Sars tans Sraiete waren 
All creameries}..... 88 $3.50 $1.40 $2.04 $3.36 $2.47 


* Number of buildings. 
+ Average weighted by size of buildings. 


Table XXXV shows the interesting fact that apparently construc- 
tion cost per square foot of brick buildings increases with the size of 
the building. Most of this is due to the fact that the larger buildings 
were erected more recently and are also of better construction. With 
frame buildings, the opposite tendency prevails. 

Space costs (building and site), when reduced to an annual cost 
per square foot basis, show no correlation whatever with output, that 
is, they are the same for creameries with large output as for creameries 
with small output. 

The ordinary range in construction costs per square foot of brick 
creameries, as given in Table XX XV, except for six expensive cream- 
eries recently built, is from $1.50 to $4 when the costs are all reduced 
to the 1914 price level; and the ordinary range in annual space cost 
from 25 to 51 cents per square foot. 


2 TABLE XXXVI 
Variations 1n' Construction Costs oF Brick CREAMERIES 


Average cost per square Annual space cost 
No. foot of construction per square foot 
Groups (construction cost in ~ ee Se eee 
when built) group When If built When If built 
built in 1914 built in 1914 
p : Cents Cents 
BPE EITAID ES 2 nie ro alee c visieiy = 10 $1.42 $1.52 22 24 / 
PRSRECUIN A sys\ctsic telat Bean As fata 9 2.56 2.73 44 45 
UD) “one DeSginRe. Alp eee ROR 14 3:57 3-34 46 43 
RUE ipirisiy ue leis eieielele.e e's o's: Ir 4.41 3-70 63 51 
Solo oS aged dog Bae naira. ac SP ee saad nn oe aa Ae 
REE tory sete save att als aa) ei's sss 3 6.48 4.18 78 49 


COyay! Gi a ea ee 3 esi 7-45 85 87 


All creameries.......... 50 $3.50 $3.17 48 43 
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OUTPUT IN THOUSAND POUNDS 
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$1: 62-03. 4.5. 6-7 8" 90 
SPACE COST PER THOUSAND POUNDS 
Fig. 20. Relation of Space Cost to Output - 
Most of the saving in space cost with Iarger output comes under 300,000 pounds. 
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TABLE XXXVII 


VarIATIONS IN ANNUAL Cost oF BuILDING SPACE PER 1000 Pounps oF BUTTER 


No. Average Average 
Group in of per 

; group group creamery 
Se MP Mela aterat terse anew She ia ouni sie 8 cin Ma © 14 $1.48 $503 
Sama A Oe Se ee Matera tai. ceraita.ia Pele) \Wusttovbrcs (al e!;aare’ ane nic 17; 2.75 462 
RRS OA tee ates Pes eee declan ceed ebicetic zatie wit “« S)'ote 14 3-50 908 
AWE CROs Tarte areata) atl Lous) ¥''eifs" snes? nis.) ATisicayre is lo o\'e alo aso" 9 4.63 1186 
z ROME OR ae Te aah ojiah’s eee jai ge danny eke o's “wore 9 5.40 1437 
{ TCR tan tee PER sot cere rch al w ell ei Unie Je on Bi wos ints 5 6.68 1260 
: MCOMERO TNS aia Cos ae oN ai eee collota ts setae wie diiohereter 6 7.66 1795 
; Re ES IEG MN EP Aris ae tes oie! Sah e wile Recte araceis. cere bears 4 8.49 1148 
RE MPEOLE Seals cexciore bya alarasecn tenis! 66 secgie! hace 6 9.53 1491 
ee EMORY ESN ea siclete Gere covicic!s sip iss 2 Sas oe oe 4 13.85 1878 
“All ‘ereameries....3...0.-.. ese eR NERS 88 $4.38 $1020 


Space cost per 1000 pounds butter—While 15 creameries have 
building costs of less than $2 per 1000 pounds of butter, according to 
Table XXXVII, 4 have building costs over $10 per 1000 pounds of 
butter. The highest cost, $15.35 per 10c0, is for a creamery with 3136 
| square feet of floor-space costing $18,000 to build, making only 131,000 
pounds of butter in 1919. The lowest cost, $1.16 per 1000, is for a 
| creamery with 2530 square feet of floor-space costing $8000, making 
544,000 pounds of butter in 1919. The average for 88 creameries is 
$4.38 per 1000 pounds of butter. 

fs . TABLE XXXVIII 


VarRIATION IN ANNUAL SITE Cost PER 1000 Pounps or BuTTER 


No. Average = 
in for Average | 
group group output 
Cents Lbs. 
MMT TN Sra ew aie ny a)'nfe cows! 015) 0) eo 13 None 243,000 
13 6.1 291,000 
17 12.5 273,000 
16 24.6 196,000 
: 14 40.2 211,000 
SEP OME Cee seley ciel octae eines cle wa uvate ns 5 67.0 191,000 
ie abd OUGice 3 5 Cn ae 10 ‘eHany 185,000 
Py nc eaten eth «ses dis oececs. oe 88 30.9 233,300 


Site cost per 1000 pounds of output has an ordinary range, ac- 
cording to Table XX XVIII, between ro and 15 cents per 1000. The, 
highest site cost, $2.85 per 1000, is for a creamery making only 
106,000 pounds of butter in 1919 which paid $5000 for its site. The 
next highest, $1.11 per 1000, is for a creamery making 110,000 pounds 
in 1919 which paid $2000 for its site. The next highest, 92 cents per 
1000, is for a creamery making 482,000 pounds in 1919 which paid 
$8000 for its site. The average is 30.9 cents per 1000. This com- 
ned with ea gives a total space cost of $4.68 per 1000. 
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The cost of “extra space” in creameries, according to Table XXV 
(see p. 17) 1s 52 cents per 1000 pounds. | Thus it is a more important 
element of cost than site. 


s 


TABLE XXXIX 
First, Cost oF SITE PER 1000 Pounps oF BuTTER 


Number of creameries 


Groups 
City Village Country All 
Monat ea <eayceetewiele oonMe se eveparst ameter ese ele ss «8 ae 2 4 6 
Tease iso icics Seatice teak s iets voles) Grete iete elses 2 2 2 6 
Wess than [Roya asts erscye whe crete pes tarsvahetaterete 2 II 4 17 
2. GO AS tase eiepeiticsratersneKerscert cheas Tenants) ones 5 II I 17 
ASO uO lane 0 a aerotansy a vashare ton aie ta he Sirnecte cet 7 8 BS 15 
CoN COMA omnia tone tata Ceres cea ehac CRN 2 5 , 7 
SeKO EG fee anc pateea «lone eat ie Va depadel eRota) score erie 2 rt = 3 
BOLO META iets ve io) leek cieeiele seutatel ars ntene, serena amor ave I 2 3 
Te RUO UA tame tava last wyiaheja levers ous Faie<siehelsiiteyeisiiatate S Vent i I 
TAUCOMEL Olt ten telctniaharapatc-aleral oy eketetalisnageaatete ere octet 3 I 4 
PEO eM OVE err < me Gasca occas <te sean a ead Oe 3 I 4 
PAI CREATIEFIES ha ire.ge vine ste nits anette 27 45 II 83 


Table XX XIX expresses first cost of site as a ratio to output in 
1919. Four creameries paid for their site $16 or over for each 1000 
pounds of output from their plant. The average is $5.05 for all 
creameries, $7.65 for creameries located in cities, $4.65 for creameries 
located in villages, and 80 cents for creameries located in the country. 
These figures may indicate when the purchase price of a site is out 
of proportion to the volume of. business. 

Space cost per 1000 pounds of butter varies principally with out- — 
put and with its two components, namely, square feet per thousand, and 
annual cost per square foot, both of which have been analyzed above. 
Figure 20 shows how space cost per 1000 pounds of butter varies 
with output. On the average, each additional 100,000 pounds of 
output, taking the creameries as they are, that is, other things not 
being equal, means $1.14 less annual space cost (25.5 per cent) per 
1000 pounds of output, as indicated by the straight line. From 100,000 
to 300,000 pounds, however, the decrease is at the rate of $1.68 per 
1000 for each 100,000 pounds, as indicated by the curved line. This 
curve for output and space cost represents a combination of the signifi- | 
cant curve for utilization and output (Fig. 17), and the lack of cor- | 
relation between cost per square foot and output mentioned on page 55. 

Figure 21 shows how space cost per 1000 pounds of butter varies 
with annual cost per square foot and with square feet per 1000 pounds 
output, with building values and interest based as in this analysis. 
If space cost per 1000 pounds were exactly proportional to cost per 
square foot, 10 cents additional cost per square foot would mean $1.08 
additional space cost per 1000 pounds of output ($0.10 10.84=$1.084). 

Sg 
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Figure 21 shows, that the actual average increase is $1.30. For cream- 
eries with space costs over 50 per cent above the average, however, 
the space cost per pound of butter increases much more slowly (see 
accompanying curved line). If space cost per i000 pounds were pro- 
portional to the number of square feet per 1000 pounds, then one ad- 
ditional square foot per 1000 pounds would mean an increase in cost 
of 4.36 cents per 1000 pounds of butter (4.36X1=—4.36). Figure 21 
shows that the actual increase is only 2.83 cents. The reason for this 
is that the poorest utilization of space (most square feet per 1000 
pounds) usually occurs in creameries where cost per square foot is 
lowest. The accompanying curved line shows that the increase in 
space cost with square feet per 1000 was at first more rapid than the 
average and then less rapid. Taking creameries as they are, cost per 
square foot is obviously having more effect than utilization of space 
on the unit space costs of a creamery. 
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Fig. \\21. Relation of Space Cost to Output 


Annual cost per square foot affects space cost more than the utilization of space; but this 
would be much less true if all valuations and interest charges were on the same basis. The 
_ curved lines express the relationships in more detail than the straight or average lines. 


} 
18 Inverse correlation. 
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When this analysis is made for brick and frame creameries sepa- — 
rately, it appears that cost per square foot affects space cost 35 per 
cent more for frame creameries than for brick creameries. This is 
because there is‘a wider range in value of frame buildings. On the 
other hand, utilization of space affects space costs 140 per cent more 
for brick buildings than for frame buildings. This is because the frame 
buildings are old and are likely to be used to capacity, whereas many 
of the new brick buildings were built much larger than present re-- 
ceipts warrant. 

As above explained, the method used of valuing buildings and 
charging interest is subject to serious criticism for the purposes in 
question. Those in charge of creamery organizations are interested in 
what space costs will be and how they will be affected by building costs 
at the prevailing price level, not at the price level which happened to 
prevail when the building was constructed. . They are interested in the 
interest cost over the whole period of use of the building, and not in 
the interest on only that portion of the building which is not yet worn 
out. Handling valuations and interest in this way also destroys a large 
part of the correlation that should exist between output, cost, and the 
other factors. Were this study to be repeated, therefore, all values 
would be reduced to a common basis and interest would be based on 
a 50 per cent depreciation. The attempt to do this subsequently as 
part of the analysis has been only partly successful. The dotted straight 
line in Figure 21 shows costs per square foot on this basis increasing 
space costs per thousand at the rate of 65 cents for each Io cents © 
additional cost per square foot, in place of $1.30 on the first-cost basis. 
Most of the pronounced effect of cost per square foot is therefore due 
to the method of handling valuations and interest. 


EQUIPMENT COST 


Under equipment was included the boiler and engine, churns, vats, 
starter cans, Babcock testers, office desks,. typewriters, and all major 
articles. Such items as thermometers, brushes, and pails were charged 
as materials under supplies and miscellaneous. Table XL shows that 
the total annual cost of equipment of 88 creameries in 1919 averaged 
$929, or leaving out sidelines and hauling, $886. Only 6 do hauling, 


and only: 15 have important sideline equipment. The equipment for — | 


oreparation for churning and that for churning have the highest annual 
cost. Equipment costs will be analyzed in more detail under process 


costs. 
Table XLI shows that depreciation, maintenance, and interest costs 


are about equal and make up 92.6 per cent of the total. t 
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Fig. 22. Relation of Equipment Cost to Output 


Equipment costs per thousand decrease rapidly up to the point of full utilization of 
_ minimum-sized equipment, and less rapidly from then on. 


Interest and depreciation were determined on the same basis as 
for buildings. The valuations, as near as can be determined, average 
about half way between cost when purchased and cost in 1920 less 
depreciation to date. The equipment averaged 30 per cent worn out 
at the time of the survey. The average value for equipment per cream- 
ery was $4050. The cost of equipment new in 1920 was estimated at 
_ $5800. This depreciated 30 per cent would make a total depreciation 
of $1750, or $407 per year. The actual cost of the equipment new 
in 1920 would probably have been between $6000 and $7000. The 
| _ interest rate was practically the same as for buildings, 7 per cent in 
| most cases. The estimates of life of equipment were made by the 
_ creamery operator, in the first instance, but were verified when possible 
_ from other sources, such as creamery supply houses. The average for 
all equipment combined was 14.4 years. All important renewals were 
analyzed separately from general depreciation wherever possible. Labor 
and materials are the principal items in maintenance cost. 
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Taxes and insurance were handled as for buildings. 

Table XL shows the equipment. costs directly charged to the dif- 
ferent processes. Power, water, and cold storage are of course later 
redistributed to the remaining processes. Preparation for churning 
and churning are the two largest items in equipment cost. 

TABLE XL 


DisTRIBUTION OF EguipMENT Costs By PROCESSES 


Average Per cent 
Process equipment cost of total- 
per creamery equipment cost 

RGCeLvaite Cepterae atone: obec Mae. hentia Merce ent ele $54 5.7 
Babcock testing, deicys use nine Pai epee APS 7 Sie ce 15 1.6 
Preparation’ for churning. <6 athe ciee occre ae te res 275 29.2 
(GHPh gr biol -apehit Ar mies nuh Or Se aA Ch Ore Onn Nee aie, See 167 18.0 
Record keeping and correspondence...............+ 49 a2 
Preparation. torminarketingtiycp las o<- alsin ateievepcrele ie 39 4.2 
Cold storageeion atts oe sevens) ter clotwd mane i ahorcietncs 114 12.3 
(ROW EER eae ae cotelo, LR Ne Meer ence ale matleree emer eae ke 135 14.5 
WNAECKBE Aa Seat Meet ceialicarnc beatin aialoe monet hese etneate tern oat Red aR 20 2.2 
General :taintenance ) oh .ciscs ha cic. oe atl ances Bia pete Oh 9 . 1.0 
Skimmilk and buttermilk disposal................. 13 1.4 
Hratilitis Serer amie tate tere tare ook rat ee eeatigte alesse es 25 2.7 
Ss@ehitesier wer cases PEL sate e alate pins ut ie Crem ened 18 2.0 
TA - BHOCESEES cies dacs meth ensues preety Maas ayo 929 100.0 

: TABLE XLI 
ELEMENTS OF EguipMEentT Cost (EXCLUDING SIDELINES AND HavLING) 

Average expense Per cent 

=p of total 

Items of expense For Per 1000 equip- 
creaim- pounds ment 

ery of butter expense 
RGtGneEst a anwn noe eat ates $267 $1.15 30.1 
WEES TS by waned o Mota oO, doo Fe eo aoIB es 2 49 0.21 5.5 
Tersuvaniee sera sta. soe el apie: ase 17 0.07 2.0 
Wepreciatior ger teste ieee eee te ee 407 rors 45.9 
Maintenance i. oc. aitcl nea ares Memenie 146 0.63 16.5 
All equipment expense.......... $886 $3.81 100.0 


Range in equipment costs—The range in annual equipment costs 
is from $300 to $2100. Eight creameri¢s have equipment costs over 
$1500, twenty-six over $1000, and fifteen under $500. The range per 
1000 pounds of butter was from $1.38 to $9.63, ten having costs under 
$3 per 1000, and eight over $6 per 1000. The average annual cost of 
equipment per 1000 pounds of output was $3.98; or, excluding haul- 
ing and sidelines, $3.81. 

The analysis-of reasons for variations in equipimen: cost should 
follow the same lines as that for building cost. The variations can 
be said to be due to variations in the annual cost of the equipment 
and in the utilization of the equipment. Reduced to more definite 
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terms, the annual cost, let us say, of churning equipment is equal to 
‘the product of annual cost per roo pounds of churn capacity times 
the output of the creamery for each 100 pounds of churn capacity. 
The following analysis of churn equipment is introduced merely as 
an example of the form of analysis. If equipment costs are to be 
analyzed thoroly, a study must be made for each item of equipment 
separately, as the various items of equipment have no common unit 
of size. Just as labor has been measured in hours and space in square 
feet, so churns must be measured in one way, Babcock testers in an- 
other, and ripeners in another. The only possible common unit of 
measurement is value or cost; and using this unit covers up exactly 
what one wishes to show. 


TABLE XLII 


VARIATIONS IN CHURN CAPACITY 


= No. Butter output, in ro00’s 
Capacities of 
creameries Average Range 
Lbs. Lbs. Lbs. 
One churn 
SEY a heres 69 OG FUE) OCIE EO CeCIS) CCICROROED COTO ORE I 69 69 
Ra a MRL era Tectia 6 ous i <'(o078) ww oe eet aie 2 95 95 
earner cy cveiui ac sieicis cje'ely eic's emcees we 3 71 41 to. 96 
SSC MMMNRERMTE Tercera in cYorests lela: oie cele elec die brid eiwisebeisle + 8 145 44 to 256 
COURS Aus 8 aot pune) SS Catt Altar pa ae One ac i 8 113 75 to 134 
igh at ere eet eset ot ats fa cP als sa) s¥ehe\s)'> o/s, 0 'e.01e ve eis 3 oe ns 28 171 59 to 245 
SAQIDN og al enlh, pode 0 GDS OIRO OIEG EOE eee I 554 554 
Two churns 
Ane ee ReMMEST OMSL NY oetteelis/(etialial(alis (o/s\oi0 inielc ie)» cies wwii ele, sj0.ce 3 144 140 to 148 
LG. 6 hc add ScOnIDICO DID OO aera! Sr hues, 199 190 to 215 
NERD), - 4c) Sic Voco ODO DA OO ERO DCR OR NCCn Cn ICRenn 2 325 207 to 433 
RUZELC OSCR SNP CNC else (Geri ra Vein 6) v6) 6.016 0 biel e e ebexe lace e dks Oe) 217 135 to 293 
BE OV aa evenctereRete Sieraic=sie el stele ie clle Soncett soe a!'V Fie arare a side's 2 338 307 to 361 
SO MMR aR eT Ee cleiloligicisile ie) sss) W\.cvels sie eleiere soeiecesrinye 4 453 347 to 886 


Table XLII shows that churn capacity and output are very poorly 
matched in the various creameries. For example, one creamery with 
an output of 59,000 is using a 1000-pound churn; and another with 
an output of 256,000 is using only an 800-pound churn. A 1200- 
pound churn is turning out 554,000 pounds, and a 1700-pound churn 
capacity, only 135,000 pounds. These misfits are due to various causes, 
chief of which are the following: extra capacity provided for expan- 
sion which has not yet come; extra heavy peak-load requirements in~ 
May and June, with low receipts in the fall and winter. Or sometimes 
where two churns are used one is old and used only at peak-load pe- 
riods. The creameries with relatively small churn. capacity get along 
by churning every day and sometimes two or even three times a day 
during flush periods. Those at the other extreme churn every other 
day in the winter, or even less often, and must run their churns under 
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capacity much of the time. Table XLIII shows that the outputs of 
the 9I creameries represent an average of only 167 full churn loadings. 
The extreme range is from 55 to 453, and 4 have an average of only 
70 full churn loads. 

TABLE XLIII 


Variations IN NuMBER oF Fury, Cuurn Loapincs witH Output” 


Groups (output) Number in group Average for group | 
Lbs. Lbs. 
Winder Oost det sale sasce shelton ata atheun elle tapee teeter ea It 69 
TOO OTS O'= tatu a. Real cn raNciateyeve telstra ard) stslaue\lapceaye «toe th Mare iars thine 20 128 
ERO GOW ZOO crit viy cele alpte we Rts gtr, hety ie ents < Ati eee 18 170 
FOR = VO wig OOlarerate dress orn ere eee, aoa Flare as oe elnyay tals, Ros kee 25 238 
OVELS 300 ny ctavsWals, savale Tors wiete iolchsrayevelel cats Versus) ota otaadre ae D7 . 385 
Fad EO SER ENO TEE IE TORE ne floes 91 167 


* Assuming that cream could be held until the churn could be filled each time. 


Table XLIV shows how churn capacity increases with output in 7 
the 91 creameries used in this particular analysis. The average churn 7 
capacity of the 91 creameries is 1240 pounds, or 5.3 pounds for each 
1000 pounds of annual output. The extreme range is from 2.0 pounds 
per 1000 for a creamery with 491,000 pounds of output with a 1000- 
pound churn, to 18.2 pounds for a creamery with 44,000 pounds of 
output and an 800-pound churn. Fifteen of the g1 have less than 
5 pounds, and 8 have more than 10 pounds, per 1000 pounds of output. 
Under 200,000 pounds of output, the decrease in churn capacity per 
1000 pounds of output is rapid, but above this point it is much slower. 
This is because a 1000-pound churn can handle 200,000 pounds of out- 
put in most cases, but it can not conveniently handle much more. Only — 
7 creameries under 200,000 pounds have more than 1000 pounds 
capacity, and only 10 over 200,000 pounds are getting along with 1000 
pounds capacity. 


TABLE XLIV ; 
VARIATIONS WITH OuTPpuT IN CHURN CAPACITY PER 1000 Pounps OvurpuT 
No. Aver- Aver- Capacity 
Groups (output) in = Sagegs = age per 1000 
group output capacity pounds output 

Lbs. TebSa vn Lbs. Lbs. 
NINGerITOO sre ateocckremite hs Caine Il 72,800 ; 780 10.7 
TOOT COMES Ole ciercterete eres erslae tear ane 20 128,900 1060 8.2 
MS OO: ZOO) taco citiaticystawrers nite ete _ 18 184,500 I090 5.9 
ZOOLEONZ OOS Hate e ose es eae ete 25 240,000 1230 Tes 
BOO) ra OVEN Ei etatcad: eran al oles over etera 17 480,000 1800 ky 
PALL iinyersie acts acuare at te ie. 91 233,000 1240 se 


The other factor in churn equipment cost is the annual cost per | 
unit of churn capacity. The principal factor in this is the first cost | 
of the churn. The oldest churn in use at the time of the survey was 
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| bought in 1910, and 8 were installed in 1912. Between 1912 and 
| 1920, the price of churns doubled. The valuation given at the time 
' of the survey was based partly on these varying prices depreciated to 
_ date. Interest and depreciation changes are based on these valuations. 
This results in a wide range in annual costs per unit of capacity. 
The rate of depreciation is also a factor in the cost. The average 
| time since the purchase of all the churns was 4.4 years. The average 
| estimated life was 8.6 years. These estimates check closely, for over 
| a period of time and in an industry which is in a stable condition, the 
| estimated life should be twice the average age of the churns now in 
use. The range in estimated life was from 5 to 12 years, 7, 8, and 10 
years being named most frequently. No correlation was discovered 
between estimated life and output per churn capacity. The variations 
seem to be due mostly to differences in upkeep and in the judgment 
| of the operators as to the probable life of the churn. The extreme 
range in churn cost was from $9 per 100 pounds churn capacity for 
a 1000-pound churn bought in 1913, with an estimated life of twelve 
_ years, to $34 per 100 pounds capacity for an 800-pound churn bought 
in 1919, with an estimated life of five years. The average was $21 
per 100 pounds capacity. 

Reduced to the basis of annual cost, the ordinary range is from 
60 cents to $2 per 1000 pounds of output. The highest cost, $3.10, 
| ‘is for a creamery making 75,000 pounds of butter in 1919 which bought 
a goo-pound churn that year. The average was $1.08 per 1000. 

A change from 5.3 pounds of churn capacity per 1000 pounds of 
_ output, the average, either upward or downward one pound would, tak- 
‘ing other circumstances as they are, have increased or decreased churn 
equipment costs by 25 cents per 1000. A change in cost per 100 
pounds of churn capacity from $21, the average, either upward or 
downward by $1, would, other things being as they are, have increased 
or decreased churn equipment costs 20 cents per 1000. This means 
that variations in cost of the churn were three times as responsible for 
the differences in churn equipment costs as the differences in utilization 
of the churn. This is because of the wide range in valuations due to 
the wide variations in price paid for churns from 1912 to 1920. In 
normal times, the various makes of churns sell at about the same 
_ price; hence any differences would be due to differences in rate of 
_ depreciation and upkeep, or in cost per unit of capacity with different 
sized churns. Utilization would therefore be relatively much more 
_ significant in normal times, or if the churns had been valued on a 
common. basis. z 
__ On an output basis, the range in churn cost is from $1.75 per 1000 
for the smallest 10 creameries to 75 cents for the largest 10 creameries, 
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The decrease in cost is at a rate increasing somewhat rapidly below 
250,000 pounds of output. 

If a similar analysis were made for each item of equipment. similar 
results would be obtained. In each case, it would be discovered that 
utilization varied, and in consequence, the resulting equipment cost; 
and likewise the annual cost per unit of capacity would vary, depending, 
however, owing to the method of valuation used, largely upon prices 
paid at different price levels, and also upon rate of depreciation, upkeep 
cost, etc. The range in utilization varies, of course, with different items 
of equipment. In general the smaller the unit and the sooner it wears 
out, the better the utilization, as this makes it possible to fit sizes 
better to volume of business. 

Figure 22 shows variations with output of annual equipment cost 
per creamery and per 1000 pounds of butter. At 500,000 pounds out- 
put, the equipment cost is $3 per thousand, or $1500 per creamery; 
at 200,000 pounds output, it is $4.40 per thousand, or $880 per cream- 
ery. The savings in equipment cost with output are considerable, but 
not so much as for labor and management or for buildings and space. 
This is because much of the equipment is in small units, making possible 
a better adjustment of capacities. 

According to the valuations obtained in the survey, the value of 
equipment in 1920'was $4050 per creamery, as compared with $7400 
for buildings. This equipment represented 35.4 per cent of the value 
of plant and equipment. If each had been depreciated to the same 
extent, however, say 30 per cent, the figure would have been 36.1 
instead of 35.4. It is 4 per cent higher for brick buildings than for 
frame buildings. These figures are merely averages, of course, and 
do not fit any particular plant at any time. The figure 36.1 per cent 
given above ought not to be very far from the average ratio between 
investment in buildings and equipment at any equal stage in deprecia- 
tion. Ina new creamery, however, the equipment will depreciate more 
rapidly than the plant (3.5 times as fast as for brick buildings) so that 
the ratio of value of equipment to value of buildings will constantly 
decline till the equipment begins to be replaced. 


SUPPLIES AND MISCELLANEOUS CASH EXPENSES 


As already explained, this is the largest classification of expense 
items in I919, constituting 45 per cent of the total expenses of a 
creamery. Table XLV lists the most important items in their relative 
importance. The relative importance of these items will of course 
change as prices change. . “fs 
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TABLE XLV 
Items InctupED UnpvER SupPpLies anD MiscELLANEOUS CasH OUTLAYS 
Average cost Per cent 
Items per creamery of total 

1919 cost 

STS OR AAC UMDOKES ate cau sureurtote cia: etailel cial vials, ote efeice nd Ae eave les $1875 43-9 
Bate ls HG ClECURIC UPON EL 6 -,e-c0-, sinieie alesis + oles cae nreke eyes on 755 gy) 
URNS Fe APN MNS Saat eA cla e? evel oe xivi sve 'ena a1s'eick Reiteal Pate e's ee we 190 4.5 
LENS lob gale TY8 1S C Ge Po 180 4.2 
Se RMI ie a cP ener en Ne aides idrekha heres only W syne a Weve 135 3-2 
RE AESOME Vee etter ioe vac sues wists prece'S siete nieve ig tveheus'< wile "are 80 1.9 
Oat MIRC ne ra cha latindein ataretailey swe: ei Win ese sca Sate ocd wnivlaie 60 1.4 
ee tA Tet ae ic Coe Ants ln ch witelta fo (ac aslovayel Whale. al'u'ec'a 1 “av'e'ieSs 50 1.2 
Di tetareI MeO CHE Tae virite vin cists yo)s 0b 2/6 2 pels te Qs aca ee Now ee we 40 0.9 
PEN EPR a tera e CAPE els. lc) ojo )e ofa disc « scare erwele Guava 35 0.8 
MOF Mearete EG cents fat ietot stot a cde eigis:e' es G ejevuétdiwte-e sib ala a 35 0.8 
HS TAIAS oot ooh ares ee elaceee MRE font Maja cee dcavandl cowie 25 0.6 
Weaan PMI ST ecas, fleet aire ernie ate al 10.0 oo ore bie ar eevs os eecere 20 0.5 
VNTR ORM IELCUE SMP a aye a larelt ie Siche. sisters ace a oe, alone oa ene ts 787 18.4 
Seater ar Meter Mer cbet valatacs: sched. als, ocaiies wiewe lw Guba Ses poner’ $4267 100.0 


Included in miscellaneous are such items as the following: ice, 
water, ammonia, starter culture, wrappers, repairs, glassware, brushes, 
thermometers, cotton waste, boiler compound, telephone, printing, ad- 
vertising, and membership fees in creamery organizations. Ice is the 
largest expense in this miscellaneous group, and was not listed sepa- 
rately because many of the creameries have ice machines. Similarly, 
many of the creameries supply their own water. Starter culture aver- 
aged $20 for those creameries using it. Wrappers are used in greatly 
varying proportions by different creameries. The average was $60 for 
those using an appreciable quantity of them. 

The range in costs for this group of expenses is from $12 to $34 
per 1000; but all except a few of the costs come between $14 and 
$26 per 1000 pounds. The average is $18. It will be realized that 
this figure is somewhat higher than now prevails because the costs of 
most supplies have fallen considerably. There is also a considerable 
margin of error in these figures due to the difficulty of getting ac- 
curate estimates of opening and closing inventories for the various 
supply accounts. 

The principal reason for the variations in supplies and miscellaneous 
is in the fuel and electric power cost, which shows a considerable range 
between creameries according to output and as to whether steam or 
electric power is used; also according to the type of fuel used. The 
expense for tubs, boxes, wrappers, etc., also varies somewhat according 
to the method of packing the butter. The drayage cost varies accord- 
ing to the distance from the shipping point: The prices at which sup- 
plies were purchased varied somewhat also. On the whole, the large 
creameries seem to have bought most cheaply. 
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Figure 23 shows the variation in cost of supplies and miscellaneous 
with output. Above 150,000 pounds of output, the increase is notice- 
ably less rapid. Economies in the use- of fuel and buying of supplies 
probably account for this. Such expenses as tubs, wrappers, salt, 
color, and the like, making up 57.2 per cent of the total, except for 
economies in buying, must increase in proportion to output. The 
curve in Figure 23 therefore represents a combination of expenses 
both proportional and less than proportional to output. 


OUTPUT IN THOUSAND POUNDS 
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COST OF SUPPLIES PER 1000 LBS. OUTPUT 


$3.08 


Fig. 23. Relation of Cost of Supplies to Output 


Most of the decrease in cost of supplies with ‘output is to be attributed to fuel and ice. 
Apparently creameries under 100,000 are wasteful of both. All of the rest of supplies are 
nearly proportional to output. 


The direct distribution of supplies and miscellaneous cost is indi- 
cated in Table XLVI. The charge to power account was of course 
later redistributed to testing and other final processes; and the same 
for water, general maintenance, cleaning, and miscellaneous. 


@ 
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Following is a list of the supplies and miscellaneous items and the 
~ accounts to which they are charged: 


Testing 
Preparation for churn 
Churning 


Power 


Cold storage 
Preparation for market 


Acid, glassware 

Starter culture, milk powder 

Color, salt, about one third of charge to hauling 
supplies 

Fuel, electric power, hauling fuel, oil, cotton 
waste, boiler compound s 

Ice, ammonia, calcium chloride 

Tubs and packages, liners and circles, wrappers, 


tub tins, paraffin, freight and drayage, about 
two thirds of hauling supplies. 


General maintenance Labor on repairs, thermometers, etc. 


Cleaning Washing powder, brushes 

Water Water 

Heat and light Heat and light 

Miscellaneous Sidelines; special repairs charged directly to 

space or equipment, etc. 
TABLE XLVI 
DistRIBUTION OF SUPPLIES AND MISCELLANEOUS CosT 
Average per creamery Per cent of total 
I Mae IL a eye Scop ac Se oth saugreiaca > tie sine acetone s8e ws $46 bbe 
Pe EUR ERTOR EC ITIE TN sis) oiere aa Pa iayciel eo pjeiaiars aw biel ate ova ecklaidletaie 20 0.5 

|. (QUINN he Sey ageticee Sen O10 ce ae eee ee eee ean eae 202 4.7 
rg ee acc oi sles icle@c eae a yor bas sacs 700 16.4 
is CALE BORGO Soe C8 S:5 Oo AI ERR On Exner 151 3-5 
“ UPAR OAIGNO. Sehr Sioa Rot ele ne a 2410 56.4 
b (OBR aid Careline 0h lo ea ar 200 4.7 
ae NG Ree fancier ec cic ueaaeeaies oe 42 1.0 
RY ECM ete teenie oon a es aoe a ole Sete ae bea as sielea cee 47 ToD 
by Record keeping, correspondence.............0200ee reece ccees 122 2.9 
b  SNGIIISS V0 Sd Ged ogee GeO Caan ea a 26 0.6 
i UUSRE ENGST a hath oh AOE EDRs One Oenen eeenen 301 7 
PE et NE Peete APE Peo jale ack 's)s ea scale, ¢ a aitche'eyS-¥o~ a t,o alelacd woe’ $4267 100.0 


INTERMEDIATE COSTS 


Some of the basic costs of making butter and preparing it for 
market pass directly into the product; others pass through an inter- 
mediate stage—thus some of the supplies and labor are first converted 
into power and thence to the final processes. Cold storage and water 
represent similar intermediate stages. Cleaning, altho somewhat dif- 
ferent, has been put in the same general class. 


POWER 

Table XLVII shows that supplies represent more than half the cost 

__ of power, and that space is the next most important item. In supplies 
_ are included fuel, electric power, oil, cotton waste, boiler compound, and 
ie a certain part of the freight and drayage cost. 
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TABLE XLVII 
ELEMENTS oF Power Cost 


Cost per creamery 


Elements of cost 


Amount Per cent of total 
Piawrpmatent’ yaar csce peers ne eee ani awe arene Tera mn arte ere ge $135 Dr 
Paces) i cceveetny arareva et att ie oom ats yopavcht avatar anthemic tare saa tane nee Re $7 0.6 
RBar hie: hake’ Oy oe eter ene Ret ee RCER ecco ea Ou ene Sik iy cote ce 3 0.3 
(enitex est “reper isin cue a. fede «fcesliorerncepemt iad sve us erate euch een Se ahieh ote tala 46 3.9 
Deprecrations i. aSve hice Seen ios meh Crash meantime 40 3.4 
Mainbenanee tia’ oocc- arene, ees ci sesonera Dee ateroaaate caves Rear re Th 39 an, 
Sempre) co Seether retorted rea gk eek ee ha any aes ly ace ee 700 9-4 
Webseite Lerche etape atesiie acs agile eieeree daa pha Meg tyes tea arn wea eee 176 64.9 
Total’ = withowe 1S pace: exe caiolan, ake Acti tees oie rsiteiete $rorr 85.8 
SPACES aaa 's acu wiewion atta Maa shaae ee pare oe coved atv nasi sean opr era eet ree 168 14.2 
Motal “swaths | SPACE. 1 clap eras Shei cuetmrerean secnerre Meson chyna $1179 100.0 


Power cost varies because different creameries use it for different 
‘purposes. Bulletin 747 of the United States Department of Agricul- 
ture gives the distribution of heat energy in an ordinary all-steam plant 
making 500,000 pounds of butter and using only natural ice for re- 
frigeration.1® According to this bulletin, 85.3 per cent of the total 
heat units in the fuel are lost in the boiler room in raising steam, 
in the chimney to maintain draft, through the grates, etc. Thus 
only 14.7 per cent are delivered to the engine room.”? Of this 14.7 
per cent delivered to the engine room, the engine, as indicated in Table 
XLVIII, in creameries pasteurizing the cream, uses 68.6 per cent; 
and 31.4 per cent is used as live steam for pasteurizing, heating wash 
water, etc. Of the 68.6 per cent used by the engine, only 6.8 per cent 
is converted into useful belt work, all the rest being lost in exhaust 
steam, engine friction, and transmission. In creameries not pasteuriz- 
ing, only 13.3 per cent of the heat units reach the engine room, and 
77.0 per cent of these 13.3 per cent are used by the eo and 23.0 
per cent as live steam. 

In Table XLIX, an attempt has been made to ioe these data 
to the 88 creameries covered in the survey ; and also to distribute the 
power cost to the different processes using power. In the first place, 
48 of the 88 creameries use electric power in place of engine power, 
and in the second place, 15 of the partly electric plants and 4 of the 
all-steam plants have ice machines. They vary also in their practices 
as to pasteurizing, separating, pumping water, etc. On the basis of 
the data in Table XLVIII, and other data obtained from manufacturers 
as to power requirements of ice machines, a power distribution was 

19 “The Economical Use of Fuel in Milk Plants and Creameries.’”’ John T. Bowen, Tech- 
nologist, Dairy Division, pp. 42-44, Table 7. 1919. 


20 In the creamery studied by Bowen, the figure was 15.4 per cent; but this included a 
considerable amount of separating and heating separator milk. 
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worked out for each plant separately, according to whether or not it 
used electricity for power purposes, whether or not it pasteurized, etc. 
In Table XLIX these individual distributions are combined into two 


_ groups on the basis of cost. In the 48 creameries using electric power, 


the belt power, all furnished by electric motors, represents an average 
of 72.5 per cent of the total power cost. In the all-steam plants, the 
belt-power used represents 70.5 per cent of the total power cost. More 
of the partly electric plants have ice machines. For the 15 partly electric 
creameries having ice machines, the belt power represents 78 per cent 
of the total power cost. For the 4 all-steam plants having ice machines, — 
the belt power represents 76 per cent of the total power cost. These 
19 creameries all pasteurize their cream. 

TABLE XLVIII 


Uritization or Heat ENERGY IN AN ORDINARY CREAMERY OF 500,000 Pounps Ourput* 


Per cent distribution to different uses 
or creameries 


Pasteurizing Not pasteurizing 
BBL CATT TR RISE wr ceva lec iota tehesst Js (else cide ea a wid a/@’becece ere 68.6 77.0 
Consumed in engine as useful work.......... 6.8 7.6 
HEOSEMALEXMAUSH StCATI © josie se hye eel eae 8s 61.3 68.9 
Lost in engine friction, radiation and transmis- 
sion from engine to machinery......... a 0.5 0.5 
Tee SLC MMRTISO Mies pont Capers fefiere has Sewla cc wees 31.4 23.0 
EV GAP ECM WASH WATE edie cielc,s)2 4c ereiac’s cp venes 12.3 13.8 
ese Se Startetr miles. io oa ccie ca eeeeeacrca we 1.4 rea 
Steamimpevand dryingycans.). 2.6.5 is eee ee oe 6.8 7.7 
HPASECUISIZATIO’ CEEAM cle pie.ccicie cee occ e ete ve ee 10.9 0.0 


DOO et MMMME tar Meme ete) ssn cifalaussiis-n:4l cy ever bin a\aF0) se 100.0 100.0 


*No ice machines included. 


One chance for error in this distribution is that the data by Bowen 
may not fit the 88 creameries, either because they are smaller or be- 
cause the operators of these 88 creameries did not exercise the same 
relative degree of care in the utilization of power and of live steam 
in the engine room, as did the operators in the plant studied. Varia- 
tions in losses in the boiler room obviously do not affect the percentage 
distribution of what is delivered to the engine room. ‘The total cost 
figures, as will be seen from Table XLVII, likewise are not affected 
by this possible error. The only questions are whether the smaller 
creameries use a larger proportion as belt power or as live steam of 
the power delivered to the engine room than did the 500,000-pound 
creamery studied by Bowen, and whether they waste a larger pro- 
portion of power in their engine or their live-steam uses. The chances 
are that the variations among creameries in both these particulars will 
largely cancel each other, and that the average distribution will not 


be greatly biased in either direction from the distribution in Table L. 


oe 
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The distribution of belt power to the different processes was made 
on the basis of the rated horsepower requirements of the machines, 
running at normal input. There are two errors involved in this, one 
that the power requirements of machines are frequently inaccurately 
‘stated by manufacturers, and the other that the machines frequently 
ran under normal input. If, however, there were the same degree of 
error in both these respects for the different machines, the accuracy of 
the distribution would not be affected. It is probable that the distribu- 

tion for individual creameries is considerably in error, and that these 
’ errors only partly cancel out in the group averages. 

The distribution to the different live-steam uses is based on the per- 
centages in Bowen’s tables, as given in Table XLVIII. Here again 
it is probable that only part of the error cancels out. 

If a careful study of distribution of power costs were being made, 
actual tests would be made of the power required to drive the different ° 
machines at prevailing loads; and live-steam utilization would be sim- 
ilarly measured. The following analysis, however, does not purport 
to furnish accurate data. It is included, not to furnish facts as to 
power distribution and power cost, but to show the method which should © 
be followed in such analysis. Table XLIX must be so interpreted. The 
analysis has been made as accurate as possible, however, the better to 
show the type of results to expect from a detailed study of accurate 
original data. A few important conclusions can be drawn from the 
data in their present more or less hypothetical form, especially after 
certain errors have been partly corrected by statistical methods. 

Utilization —Power cost per pound of butter is the product of 
horsepower-hours per pound of butter multiplied by cost per horse- 
power-hour. The first of these is the measure of utilization. The 
horsepower-hours for. belt power were obtained by multiplying the 
horsepower required to operate each machine when running at normal | 
input by its number of operating hours per year. This undoubtedly 
gives a figure which is too high.*! Live-steam use was converted to a. 
horsepower basis by treating it as a percentage of belt-power use. 

The ordinary range in horsepower-hours, calculated in this rough 
way, was from 2500 to 8000, only two using less than this, and only 
14 more. Nearly half of them used between 4000 and 6000 horsepower- 
hours. Three of the largest creameries used over 15,000 horsepower- 
hours. The average for the all-steam creameries was 5042, and for 
the partly electric, 71co. The average output of the 19 creameries 


*1'The error involved in this, as explained above, is that different creameries did not run 
their equipment equally near to capacity; and power ratings of machines are inaccurate. These 


errors could not be avoided within the limits of the present study. Note, however, that the — 


error is partly eliminated in one part of the analysis at the end of this section. 
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having ice machines was 317,000 pounds as compared with 217,000 for 
the others. The average size of the 23 creameries not pasteurizing was 
202,000 as compared with 244,000 for those pasteurizing. 


TABLE XLIX < 


DisTRIBUTION OF Power Cost To DIFFERENT Processes IN ALL-STEAM AND ParTLy 
Exectric PLants* 


All-stzam Partly electric 
Cost Per cent of total Cost Per cent of total 

BEALE OWE Gis tes «cle igre sec = $725 70.4 $932 72) 
Babcock testing....... $3 0.3 $5 0.4 
Perparation for churn 218 2h 229 by 
burning: a. cscs see 442 43.0 523 40.4 
old Storage «6 cee sian 627 6.0 175t 13.6 

Riye (steams... ese ce. 304 29.6 361 27.9 
DVREEOTW 05 gs oss aciniejn bias» 66 6.5 87 6.7 
Preparation for churn 69 6.7 97 ws 
Receiving eset as'-i+% 60 5.8 62 4.8 
LEE he 109 10.6 113 8.7 
RIIAE TITIES varie are titre cies s oes sigh 2 0.2 

$ ite ere $1029 100.0 $1293 100.0 


* All-steam plants averaging 196,000 pounds output. Partly electric plants averaging 
263,000 pounds output. 

7 Average for 4 which have ice machines is $635. 

t Average for 15 which have ice machines is $588. 


_ Table L shows how, following the above method of calculating, 
output affects power requirements. The average creamery in the sur- 
vey making 233,000 pounds of butter used 6160 horsepower-hours, and 
each 100,000 above this adds 1400 horsepower-hours to the require- 
ments; and each 100,000 under the average subtracts 2000 horsepower- 
hours. A principal element in this, however, is the fact that the larger 
creameries nearly always pasteurize and nearly always have ice 


machines. 
TABLE L 


RELATION oF Output TO Power UriLization, AVERAGE FoR ALL CoMBINATIONS 


Horsepower- Horsepower- 

Output hours hours per 1000 

all uses pounds butter” 
MGORMOO!stalersintsce «0/0, 01 OOM Caffe Tee. eie ni-ata Ronse coh 3400 34.0 
SENOS IEO),S oct SAG ct GRA etc aS sigfe en eeln ease 5000 25.0 
EUCLA earene Reta feist) aims ie Vale's «(iv late +, 0 9206%e) oie «lis «\'s\e10:'6 6600 22.0 
Parr CMMI ais cla iota o ale aie) sss sos) slaseie) = 1S ae. oe sais 8150 20.7 
OGIO ON Tateratareis er icls sioveyolaln a eiei'e dep wiel'e ere /0)¥.0: e\eielevela avs 9640 19.3 
Poy OO OMe ete sielatarciseiel> ois.) etal [eles wily tie gies wieiseeie ae 12640 18.1 
LESSEN T NE Sm 5-90, 0.5 DG OP EO ETO ae 6160 26.4 


*Tt is quite probable that creameries of different outputs do not run their machines 
equally near to normal output, which introduces an error into this comparison. As explained 
in the text, the figures are also probably all too high. 

7 233,000 pounds. 
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Table LI gives the horsepower-hour requirements of the three 
principal groups of creameries on the basis of power requirements. 
Not only do the creameries pasteurizing and using ice machines use 
more power, but the increase is more rapid with output. The figures 
in this table are only roughly accurate. 

The extra power required by creameries doing some separating was 
not enough to show distinctly. 

According to the method of calculating, the all-steam -plants used 
26 horsepower-hours per 1000 pounds of butter, and the electric plants 
27. This difference is far within the margin of error, so that no value 
must be assigned to it. Accurate data could very easily reverse the 
figures and more. The ordinary range was from 15 to 40; but this 
range would have been much less if actual horsepower in place of 
rated horsepower at normal input could have been used. One of the 
lowest figures is for a plant making 450,000 pounds of butter and using 
6000 horsepower-hours; one of the highest is for a creamery making 
61,000 pounds and using 4000 horsepower-hours. 


TABLE LI 
RELATION OF OutPuT To Power UTILIZATION FOR DIFFERENT COMBINATIONS 
Horsepower- Additional 
No. of hours horsepower- 
Combinations ~* cream- Output per 1000 hours per 100,000 
eries pounds pounds addi- 
output* © tional output* 
Lbs. 
Ice machines and pasteurizing....... 16 324,000 35 1750 1 
No ice machines and pasteurizing.... 45 196,000 26 1600 
No ice machines and no pasteurizing.. 22 235,000 18 1060 
All combinations. 2: culneew enone 83 233,000 26 1560 


* These figures are all probably too high, as explained in the text. Also the comparison 
is only a rough approximation to the truth. ) 


There were also variations due to the fact that churns and other 
equipment were used at different degrees of capacity or normal input 
in different creameries of the same or nearly the same capacity, but 
the method used in the survey did not permit analyzing these. 

Cost per horsepower-hour.—Cost per horsepower-hour varies with 
the cost of the material, labor, equipment, and space entering into it, 
and with the utilization of these. The data on costs of material are 
very unsatisfactory, partly because prices are constantly changing, and 
partly because estimates of opening and closing inventories were un- 
trustworthy in many cases. 

Materials —Table LII shows the amount of coal consumed in pro- 
ducing a horsepower-hour in all-steam plants with different outputs. 
About half the decrease in coal required per 1000 pounds of output 
is due to the decrease in horsepower-hours and half to the decrease 
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in coal per horsepower-hour. Partly electric plants, as nearly as can 
be determined by the roughly approximate data available, use not quite 
one-third less coal per horsepower-hour. This seems like a small sav- 
ing in view of the fact that the power provided by electricity averages 
72.5 per cent of the total. However, Table LIII shows that the elec- 
trically equipped creameries have boilers 64 per cent as large per 1000 
pounds of output as the steam plants. These boilers are fired every 
day to furnish the live steam needed. Bowen, in Bulletin 747 of the 
United States Department of Agriculture, states that 30 per cent of 
the heat units of coal is lost in raising steam,” and a considerable part 
of the remaining 55 per cent lost in chimneys to maintain draft, radia- 
tion and the like, is lost in electric plants as in steam plants. 


TABLE LII 
RELATION oF OvutTPuT To UTILIZATION oF CoaL—ALu-STEAM PLANTS 

Coal per Coal per 

Output Coal horsepower- 1000 pounds 

i hour of butter 
Lbs. Tons Lbs. Lbs. 
oe GS a5 BES So SAS RSS ene een eee 64 37.6 1280 
AVEIRO SAMS DNGE nas iat onslies als is's\ se) 0b sae ales acc.e 92 36.8 920 
SOOTY a ao, er SEL On Oe 108 Evy) 720 
BODOOO are cre ieiele t's ofa selec e sioles cee tie eee we 131 27.2 520 
PARE SMM tretety tear clsic ns ieis (oysValghe: ove versiele sis o's we 150 23-7 430 
NCES Ore Lela cictsicielaeiie «sree eserscs-ea<te 91 36.0 930 


* Average 196,000 pounds for 4o all-steam plants. Plants using wood are not included. 


The cost of electric power for the 48 creameries averaged 3.9 cents 
per horsepower-hour as computed, or $1.01 per 1000 pounds of butter. 
This took the place of about one-third of the coal and wood. The 
coal and wood cost of the all-steam plants, including freight and haul- 
ing, averaged 11.1 cents per horsepower-hour as computed, or $2.99 
per 1000 of output. The cost of the electric power, if the figures 
given are correct, is practically equal to the one-third saving in fuel 
used. The cost of other materials—oil, cotton-waste, and the like— 
averages 18 cents per thousand. As fuel makes up 94 per cent of 
the cost of materials, the variations-in cost of materials with output is 
practically as indicated in the last column of Table LII, for both the 
steam and the electric plants. The average cost of power materials 
was 11.4 cents per horsepower-hour, and $3 per thousand of output; 
it was $3.17 per thousand for steam plants averaging 196,000 output, 
and $2.89 for electric plants averaging 263,000 output. 

Equipment.—tThe boilers were estimated to have an average life 
of 17 years, the engines 20 yeats, and the motors Io years. The esti- 
mates were varied according to the use and present condition of the 


22 Bowen, “The Economic Use of Fuel in Milk Plants and Creameries,” p. 43. 
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equipment. The upkeep of the boilers was estimated at $10; of the 
engines, $2, and of the motors, $2. The equipment cost averaged 
57 cents per thousand. It is 5 cents more per thousand for electric 
plants than for others in spite of their larger output, partly because of 
the engines and boiler capacity kept in reserve, as indicated in Table 
LV, and partly because the electric plants were newer and were built 
at higher price levels. No doubt in some cases this steam equipment 
was originally installed to furnish all the power for the creamery, and 
would not be installed in a new plant. 

Labor.—The labor cost is 84 cents per thousand for the steam 
plants, and 67 cents for the electric plants. This is partly because less 
time is spent in firing; and partly because of difference in output. 

Space—Figure 19 shows how boiler-room space varies with output. 
Space for power equipment averages 2.05 square feet per thousand 
in steam plants, and only 1.78 square feet per thousand in electric 
plants; but it is higher-priced space, because located in better and 
newer buildings, so that the cost is 81 cents per thousand for steam 
plants and 84 cents for electric plants. 

Steam ws. electric power.—The total power cost of steam plants was 
20.2 cents per horsepower-hour, or $5.25 per thousand of output; and 
for the electric plant, 18.2 cents per horsepower-hour, or $4.92 per 
thousand. Making’ allowance for the advantage of larger output, how- 
ever, the steam power would have been a little cheaper in 1919-20. It 
is very doubtful, however, whether this would be the case in a new 
plant specially built and equipped to use electric power. There would 
be considerable savings in space, labor, and equipment in a new plant, 
and the fuel cost would be somewhat reduced. Were it not for the 
need of live steam for pasteurizing, steaming and drying cans, and the 
like, the electric equipment would be much the cheaper; but as long 
as steam must be provided, the saving from using eleetric power even 
at daylight rates is small. The arguments for using electric power 
are really of another sort. 

The ordinary range in cost per horsepower-hour for all plants was 
from 10 to 30 cents, more than half of them falling between 15 and 
25 cents. The average was 19.1 cents for all creameries. The lowest 
cost rates were for several electric plants apparently getting low rates 
on power and usually with no auxiliary steam-power plant. On the 
other hand, some-of the highest cost rates were with electric plants. 
Some small and some large creameries had low cost rates. The ex- 
treme cases were no doubt due to: over- and under-estimates of horse- 


power-hours. ° 
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Cost per thousand pounds of butter-—The ordinary range in power 
cost per thousand pounds of butter was from $4 to $8, and the average — 
was $5.08. The average for creameries with 100,000 pounds output 
is $7; for creameries with 500,000 pounds, $4.40. Under the average, — 
power cost increases at the rate of 40 cents for each 100,000 decrease 
in output; over the average, at the rate of 27 cents. Thus most of 
the economy of power from larger output comes with the creameries 
under the average size. There are, however, 13 creameries with outputs © 
under 200,000 which have power costs under $5 per thousand. 

Utilization, as computed in this analysis, is a slightly more important 
factor in cost than cost per horsepower-hour. An increase of 10 per 
cent in horsepower-hours increases costs 5.1 per cent; an increase of 
IO per cent in cost per horsepower-hour increases costs 4.7 per cent. 
If actual horsepower-hours had been used in place of rated horse- 
power-hours at normal input of the equipment, the ratios, as near as 
can be calculated after correcting as well as possible for the error of — 
over-estimate, would have been 10.0 per cent horsepower-hours to 10.4 | 
per cent cost; and 10.0 per cent cost per horsepower-hour to 9.6 per 
cent cost. Expressed another way, creameries with one more horse- 
power-hour per pound of butter than the average had power cost larger 
by 19.9 cents per thousand, instead of 19.1 cents if strictly propor- 
tional; and creameries whose power cost an extra cent per horsepower- 
hour, had power costs larger by 25.3 cents per thousand, instead of 
26.4 if proportional. This does not mean that any creamery by in- 
creasing its horsepower-hours or costs per horsepower-hour will affect 
its costs in this way, but merely that comparing the creameries as they — 
were it worked out this way. F 


WATER 


Table LIV shows the elements of cost of water used by cream- 
eries. The $32 charged against the 71 creameries having wells is for 
the extra city or village water purchased by 15 of them. The equip- 
ment consists of the pump and water tank or vat. Apparently it is 
about as cheap to purchase water from ‘the city or village where this 
is possible as to supply it from a well. The data in the table, however, 
are not very accurate. The average water charge paid by the 11 
creameries was 64 cents per thousand of output. 

Water cost was distributed arbitrarily as follows: Preparation for — 
churning, 90 per cent; power, churning, and cleaning, each 3% per cent. 
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TABLE LIV 


ELEMENTS OF Cost oF WATER—BY SOURCES OF SUPPLY 


Welland pump City and village Artesian wells 


i Number of creameries..........00eececedeeees 71 It 4 
ECP RE Taare abe cial: chcics coor ef abe aiarsi@e.s) asl e sleus' « $32 $158 
Ea M ERE aE a epee a gy tal om ese cheval b.5.<. sivip'leia a es 78 ha a 
MA CERATRGEIE a etsicra te sic leva ian saye aynce ele alalewe eiave.e 42 24 $17 
PUI GPRURCOSUtE foes alte! cln/acer tees tere icisra's mete eves e ofa $152 $182 $17 
Cost per thousand of output Sones eRe G $0.65 $0.74 $0.07 


COLD STORAGE 


Of the creameries whose cold storage costs were analyzed in detail, 
54 store their own ice, 12 buy it from day to day, and 19 have ice 
machines. 

The elements of cost for creameries storing their own ice are space 
and expense of filling the icehouse. The space is of two sorts, that 
for actually storing the ice, and that occupied by the refrigerator. The 


storage space averages 450 square feet per creamery, 3.4 square feet 


per 1000 pounds of output. The refrigerator space averages 123 square 
feet per creamery, or 0.64 square feet per 1000 pounds of output. 
The space cost is 58 per cent of the total cost of $434 per creamery. 
The average quantity of ice stored was 154 tons, or 1600 pounds per 


- thousand of output. There seems to be a relatively small increase in 


storage space and quantity of ice stored with the output of the cream- 
ery. The creameries over 400,000 pounds, however, have twice as 


_ much refrigerator space as those of 100,000 pounds output. 


Only 30 of the 54 creameries have separate icehouses. These aver- 
age only 40 more square feet per creamery than those with built-in 
icehouses. Reduced to an output basis, there is no difference between 
them. 

The cost of storing the ice is mostly labor. Practically all cream- 


eries in Minnesota hire the work done. 


Of the total cost of $434 per creamery for cold storage for these 
54 creameries, $182, or 42 per cent, is for the cost of storing; $609, 
or 16 per cent, is cost of refrigerator space; and $183, or 42 per cent, 
is cost of storage space. j 

The cost per thousand for these 54 creameries is $2.26. It is $3.47 
for the 7 with less than 100,000 pounds of output, and $1.10 per thou- 
sand for the average with more than 300,000 pounds of output (aver- 
aging 429,000). 
No doubt much of the ice stored by those ‘creameries is used for 
other purposes or wasted. Some is sold. 

The elements of cost for creameries buying their ice from day to 


_ day are space and cost of the ice. The average cost of the ice in 
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1919-20 was only $1 per 1000 pounds of butter. Such creameries must 
use their ice much more carefully than those that store their own ice. 
The storage space averages only 35 square feet per creamery, and the 
refrigerator space, 98 square feet. Three other of these creameries, 
however, have a large chamber formerly used for storing their own ice. 

The total cost of storage for 12 creameries using this method is 
$296 per creamery, or $1.45 per thousand of output. 

With ice machines, power and equipment are the most important 
items. Power was estimated on the basis of data furnished by manu- 
facturers of ice machines. The results obtained indicate that it is 
about half the total cost. The average life of the ice machine was 
estimated at 15 years. The cost in 1920 of a machine large enough 
to handle 300,000 pounds of output was $3000. Interest and deprecia- 
tion are therefore large items. Equipment cost is about one third of 
the total. The refrigerator space was 143 square feet per creamery, 
which is only 0.43 square feet per thousand. The space occupied by 
the machine averages 45 square feet per creamery.”* The creameries 
using ice machines average 330,000 pounds of output. 

It would appear from the figures given that the cheapest cold storage 
is generally obtained by creameries that are in a position to buy their 
ice from local iceshouses, and that ice machines are most expensive of 
all. However, there are some other important considerations. An ice 
machine saves much labor in handling ice and it should furnish better 
refrigeration. Moreover, the costs of operating ice machines decrease 
rapidly with output, so that it may well be that the ice machine is the 
cheapest for more than 400,000 or 500,000 pounds of output. Finally, 
many of the creameries with ice machines are so far from a natural 
supply of ice that it would cost more to haul the ice than to operate an 
ice machine. 

STORAGE OF SUPPLIES 

The principal supplies usually stored are tubs, boxes, and salt. The 
cost of storage of supplies was therefore distributed arbitrarily equally 
between churning and preparation for market. 

The only cost chargeable to storage of supplies is space. The labor 
involved in getting materials in and out of storage was charged di- 
rectly to churning and preparation for market. In most cases, a large 
part of the space for storage was in the attic on the second floor. Such 


space should really be charged at the additional cost of creating and ~ 


maintaining such attic space; but as such a cost could not be deter- 
mined in this survey, no charge was made. The average cost given 
in Table VIII, amounting to 56 cents per thousand of output, is’ only 


22The data on costs of operating ice machines are so largely estimates that it is not 
advisable to publish them. 
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for the space used for this purpose on the first floor. The average 
space set aside on the first floor, for the creameries using only the first 
floor for storage, was 368 square feet, which is 1.6 square feet per 
thousand of output. The range is from 30 square feet to more than 
2000, depending principally upon the output of the creamery, the 
amount of additional space provided upon the second floor, the size 
| of the building in relation to the output, and the policy of the cream- 
ery as to buying supplies in quantity. The usual amount of floor space 
for storage is between 200 and 600 square feet. 


CLEANING 


Cleaning is an important element of cost in a creamery. It repre- 
sents 11.4 per cent of all the labor cost of operating a creamery, and 
6.6 per cent of all the power cost. It includes cleaning of all ap- 
paratus as well as floor. Table LV shows that labor is 63.3 per cent 
of the cost of cleaning. The materials, cost is mostly for washing 
powder and brushes, whose cost averaged 23.2 cents per thousand of 
output in 1919-20. The space requirements, averaging 40 square feet 
not including passageway, are for wash sinks, steam jets, occasionally 
a steam sterilizer or can drier, and for standing room. The $545 per 
creamery equals $2.34 per thousand pounds of output. 

Cleaning was distributed arbitrarily, one-fifth each to Babcock test- 
ing, receiving, preparation for churning, churning, and preparation for 
market. The distribution might have been somewhat more accurate if 
part had been charged to space and distributed with space. 

The cost of cleaning increases with output at the average rate of 
$125 for each additional 100,000 pounds. This means a decrease of 
25 cents per thousand. This is mostly because labor is better utilized 
at cleaning in the larger creameries. 


TABLE LV 


ELEMENTS IN Cost oF CLEANING 


Per creamery 


Elements of cost 


Amount Per cent 
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PROCESS COSTS 


In this section of the bulletin, the remainder of building and site, 
equipment, labor and management, and supplies and miscellaneous; and 
the intermediate costs, power, water, cold-storage, and storage of sup- 
plies, are carried to the following process accounts: receiving, Babcock- 
testing, preparation for churning, churning, preparation for market, 
record keeping and correspondence, skimmilk and buttermilk disposal, 
sidelines, and hauling; and to extra space, general maintenance, and — 
general management or overhead. General maintenance and general 
management are generally, in cost accounting analysis, distributed to 
the process costs on some arbitrary basis. To follow this practice in ¥ 
this case would partly obscure the variations which it is desired to 
examine, and would add nothing to the usefulness of the process cost 
totals. 

The sum of these nine process costs and the three other will equal 
the sum of all the primary éxpenses. 

The purpose of making the process analysis is to present in more 
detail the reason for the variations in cost. For example, the labor — 
load of a creamery depends upon a large number of things such as — 
whether Babcock testing is done daily, weekly, or monthly. 

The process costs will not, however, be analyzed in this bulletin 
‘as Closely as is desirable; too many estimates are involved in the divi- — 
sion of labor, time, and power between processes. Survey data are “< 
seldom sufficiently accurate to permit close process analysis. In view 
of the inaccuracies in these figures, they must be taken as indicating 
only the general relationships between and within processes. For ex- 
ample, if a statement is made that power represented 34.3 per cent of 
churning cost, it must not be understood that it actually did, but rather 
that this result was obtained by the methods used in this analysis. It 
is impossible to repeat the statement everywhere it applies in the manu-_ 
script; hence it is made here with the hope that the reader will mals 
the application as he goes along. > 


RECEIVING 


Receiving represents 7.7 per cent of all creamery costs. Table 
LVI shows the relative importance of the elements making up re 
ceiving cost. The process is mostly a matter of labor, either in th 
actual receiving or in the cleaning that goes with it. The labor tim 
of receiving averages 942 hours per creamery. Under receiving labo 
are included dumping, weighing, and grading the cream, taking the 
sample, recording the weights, steaming the cans, and part of i time oy 
spent in running in and out of the receiving room. 
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Receiving labor time, it would seem, should vary with the hours 
during which cream is received. Practice varies greatly in this matter. 
Of the 88 creameries, 20 receive about any time up to 4 or 6 o’clock 
in the afternoon, usually beginning at 7 o'clock in the morning. A few 
even receive in the evening, especially on Saturdays. At the other 
extreme are I1 which limit all their receiving to the morning hours 
before 9:30, 10, 10:30, or 11 o’clock. The first group, however, uses 
only a fifth more time for receiving than the second group, 4.8 hours 


per thousand as compared with 4.0. The saving from concentrating 


receiving within fewer hours is very apparent, however, with the larger 
creameries. One concludes, therefore, that it is not worth while to 
limit the receiving hours unless enough cream is received to keep one 
man busy receiving; if the man receiving has to run back and forth 
anyway, it takes very little longer if spread out over the whole day 
than if merely spread out over the forenoon. And if one person is 
assigned to do nothing but receive, time will be wasted unless receipts 
are large. 


TABLE LVI 
ELEMENTS IN REcEIvING Costs 
Per creamery Per 1000 
pounds 

Amount Per cent of total of butter 
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The group of largest creameries utilizes labor at receiving about 
twice as well as the group of smallest creameries. The large cream- 
eries are large partly because each patron delivers more cream. It 
takes nearly as long to receive a small load as a large one. 

The creameries that utilize receiving time best are a few that are 
large and also limit their receiving time to 12 or 2 o'clock. This group 
reported an average of 1750 hours open for receiving, and 78 per cent 
of that time, or 1360 hours, actually receiving. This group used an 
average of only 2.7 hours per thousand pounds of output, compared 
with about 4.0 as the average of all creameries. 

The large creameries reduce receiving costs in many cases also by 
using less expensive labor in the receiving room. 

The power cost for the live steam used in steaming out the cans 
amounts to 27 cents per thousand, less than a pound of butter is worth. 


The extra labor and. equipment required for this operation is also a 
small item. 


‘ 
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Depreciation was the largest equipment item. The scale and steamer 
were estimated to last fifteen years and the weigh can five years. 

Receiving room space averaged 95 square feet. 

The decrease in receiving cost with output is at the average rate 
of $1.20 per 100,000 for each additional 100,000, being most rapid 
under 200,000 and over 400,000 and least rapid in the middle ranges. 


BABCOCK TESTING 


Babcock testing represents 5.1 per cent of all creamery costs, as 
compared with 7.7 per cent for receiving. Table LVII shows the 
relative importance of the elements in Babcock testing. Labor and 
cleaning constitute four-fifths of this cost. Cleaning is mostly labor. 
The labor includes, besides the actual testing, filling and labeling the 
bottles, and taking and recording the readings. The computations are 
included under record keeping. Cleaning cost is high because it in- 
cludes washing both sample bottles and test bottles. Space averaged 
43 square feet per creamery. 

The labor cost varies mostly with output, frequency of tests, and 
the rate per hour. The range in hours with output is from 310, or 
4.2 hours per thousand, for the group of smallest creameries, to 978, 
or 2.0 hours per thousand, for the group over 300,000. The larger the 
creamery, the larger the loads of cream delivered and the fewer samples 
per thousand pounds of output. Also the time of running the cen- 
trifuge is the same for a full. machine as for a partly-filled one, and 
for a large machine as for a small one. Measuring the cream and acid 
and filling the test bottles, and taking and recording the readings are 


proportional to the number of patrons and the frequency of the tests. 


The 63 creameries testing daily averaged 710 hours of testing labor, 
or 3.3 hours per thousand. The 4 testing weekly used only half this 
much time; the 18 testing twice a month, only one-third this much time ; 


and the 3 testing monthly only one-fourth this much time. The reason 


for this is as follows: If all patrons delivered their cream every day, 
there would be as many samples to test in a daily test as in a weekly 
or monthly test; and the saving in time from less frequent tests would 
tend to be proportional to the frequency of the tests. As it is, with 
most patrons delivering two or three times a week and some only at 
irregular intervals, the number of samples to be handled increases with 
the intervals between tests. 

The labor cost also varies greatly according to whether one of the 
helpers or a high-salaried manager does the testing. No doubt it is 
highly necessary in some communities to have the most responsible 
man on the payroll handle the testing. 
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TABLE LVII 
ELEMENTS In Cost oF Bascock-TESTING 
Per creamery Per 1000 
= rounds 
Amount Per cent of total of butter 
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The cost of Babcock testing for those testing daily decreases with 
output at the rate of 45 cents for each 100,000 additional output; and 
for those testing twice per month at the rate of 12 cents for each 
100,000 additional output. A small creamery testing daily has a very 
small lot of samples to test at a time; hence the more rapid decrease 
with output with daily tests. 


PREPARATION FOR CHURNING 

Preparation for churning begins when the cream or milk leaves the 
weigh stand and ends when it is ready for the churn. It includes sep- 
arating whatever whole milk is received, pasteurizing the cream, prop- 
agating the starter, ripening the cream, and holding it in condition until 
it can be churned. 
This process cost ranks third among the six processes; it represents 
14.4 per cent of all creamery costs. It averages $5.76 per thousand 
pounds of output as compared with $6.07 per thousand for churn cost. 
Table LVIII shows that power, equipment, and cold storage are the 
most important elements of cost in preparation for churning. Power 
is used as belt power to drive the cream separator and to turn the coils 


‘of the pasteurizer. It is used as live steam in pasteurizing, in heating 


the separator milk, and in preparing the starter culture. Pasteurizing 
is by far the largest item. The 22 creameries not pasteurizing there- 
fore use only a small amount of power for this process unless they 
receive considerable whole milk to separate. 

The equipment consists of the cream separator and milk heater, 
when separating is done; the starter can, if starter is used; and the 
pasteurizer and ripener. Creameries making 200,000 pounds of butter 
usually have two pasteurizers and ripeners. Equipment costs for this 
process cost are about 50 per cent of all equipment costs. The pasteur- 
izers were given an estimated life of 15 years; the starter cans, 15 
years; and the separators, 20 years. Depreciation constitutes half the 
equipment cost. 
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TABLE LVIII 


ELEMENTS OF Cost IN PREPARATION FOR CHURNING 


Per creamery Per 1000 
ag? pounds 

Amount Per cent of total of butter 
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The cold storage item is large because of the large amount of ice 
that is used in cooling the cream after it has been pasteurized and in 
holding it in the desired condition; or because of the cost of keeping 
the ice machine running for the same purpose. Likewise, most of the 
cost of water must be charged to the same process. 

The only materials to be charged to this process are starter culture 
and, in some creameries, milk powder. 

The pasteurizer and ripener vats and related equipment used a good 
deal of floor space. To this process is charged an average of 236 
square feet per creamery, almost one-fourth of the total work-room 
space. 

Labor is a relatively small item of cost in this process. The average 
is 374 hours per creamery, as compared with 704 for churning, and 
942 for receiving. It is more for those that pasteurize than for those 
that do not, and more for those that have no ice machines than for 
those that have. 

This cost varies a great deal according to the practices of the cream- 
ery. Twenty-two do not pasteurize; 38 do not use starter culture; and 
12 separate more or less milk. Hence, to analyze the variations thoroly 
would require a great deal of detail work, more than is justified by 
the accuracy of the data. Suffice to say roughly that equipment cost 
decreases only 20 cents per thousand for each additional 100,000 of 
output; that the comparable decrease in power cost is 30 cents; in 
cold storage cost, 25 cents; in labor hours, 70 cents; and in square feet 
of floor space, 20 cents. The variation with output in all the foregoing 
costs combined is from $9 per thousand for the group of smallest 
creameries to $4 for the group of largest creameries. It ranges from 
$2 per thousand for a creamery making 50,000 pounds which neither 
pasteurizes nor uses starter culture, to $12 per thousand for a cream- 
ery which does both, makes only 85,000 pounds, and has high ae 
and labor costs. 
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CHURNING 

Churning cost ranks second among the six process costs; it repre- 
sents 15.1 per cent of all creamery costs. The churning operation be- 
gins with the transferring of the cream from the ripener to the churn, 
and ends with the butter ready to be taken from the churn. The prin- 
cipal component parts of the process are as follows: Starting the cream 
pump, rinsing the vat, adding the butter color, weighing the salt, draw- 
ing off the buttermilk, and the actual churning, washing, and butter- 
working operation, together with the making and recording of the salt 
and moisture tests. The actual churning operation requires the atten- 
tion of the churn operator only part of the time. 

Table LIX shows the relative importance of the various elements 
in churning cost. Power is, of course, the largest element. The churn- 
_ ing operation consumes, according to the method of calculation used in 
this bulletin, approximately one third of all the power, both belt power 
and live steam, used by a creamery. Labor is the item next in im- 
portance. It represents 704 hours per creamery, or about 10 per cent 
of all labor and management time. Salt and butter color make the 
supplies cost relatively high. The churn is the most expensive single 
item of equipment in a creamery except the ice machine. The churn 
__with the work space around it occupies an average of 126 square feet 
‘in the 88 creameries. The process is also charged with one half of 
storage space—creameries usually buy their salt in considerable 


quantities. 
fen 
hg TABLE LIX 
ELEMENTS 1n Cost OF CHURNING 
Per creamery Per 1000 
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a: The power cost of churning for the group of creameries producing 
__ over 300,000 pounds was about half as much per thousand pounds of 


output as for the group with smallest output. This is partly because 
the larger creameries produce power more cheaply—use less coal per 
horsepower-hour ; and partly because the larger creameries utilize churn 
capacity more fully. A considerable part of the power consumed by 
a churn with a light load is consumed by the churn itself. (See 
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Tables LII and LVIII.) Churn equipment is analyzed fully in the sec- 
tion on “Equipment Costs.” 

The group of smallest creameries used nearly 6 hours of labor per 
thousand, and the group of largest creameries, less than 3 hours per 
thousand. The whole range is from less than 2 to more than 8 hours 
per thousand. Hence output is only one of the factors. A consid- 
erable part of the labor of churning requires nearly the same time 
regardless of the size of the load and size of the churn; hence labor 
time tends to vary with the number of churn loads required per thou- 
sand of output. Smaller creameries may have churn capacity and 
cream volume better adjusted to each other than larger ones; but the | 
odds are against it. Moreover, the loads are certain to be smaller. 

Labor time also varies according to the extent and number and kinds 
of churn tests made and manufacturing records kept. Making tests 
and recording results are charged to churning; the computing based on 
these data to record keeping. The 88 creameries were put in three 
groups—18 which kept very meager churn records, or none at all; 44 
which kept part of the records; and 28 which kept complete records. 
All but 10 of the creameries were equipped with both moisture- and 
salt-testing outfits, but some were not using both. The data show that 
creameries making complete tests were spending about a hundred more 
hours in record keeping, after differences in output were adjusted, than 
those keeping no churn records; but they show no effect upon churning 
time. The buttermakers in making these estimates may have charged 
all the churn record work to record keeping; or the error of the esti- 
mates may be so great as to conceal the effects expected. Such errors 
must be expected in survey data. 

Labor cost also varies because of variations in rates of pay. Gen- 
erally the highest paid employee attends to the churning. 

When all costs are combined, the range is from $3.30 per thousand, 
for a creamery making 326,000 pounds, all of whose costs are con- 
sistently low, to over $10 per thousand, for a creamery making 100,000 
pounds, with exceptionally high power and equipment costs. The 
variation with output is from $4.40 per’ thousand for the group of 
largest creameries, to $8.70 for the group of smallest creameries. 


PREPARATION FOR MARKET 


Preparation for market takes the butter as it comes from the churn, 
packs it, stores it, and finally delivers it on board train or to the local 
stores, if sold in the local market; or to customers or patrons, if sold 
at the creamery. It includes nailing the boxes, if boxes are used, par- 
affining the tubs and boxes, stamping and numbering the tubs. and 
boxes, and weighing the butter and recording the weights. Altho the 
process is called “preparation for market,” it includes delivering the 
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product on board train or to customers, which may be called marketing 
proper. This, however, is only a small part of the total cost involved. 
Most of the costs of marketing proper—trailway costs, commissions, 
ete.—are deducted from the returns received for butter sold, and hence 
do not appear as creamery costs. 

. As will appear from Table LX, over two-thirds of this cost is 
for supplies. Four-fifths of the $2410 for supplies is for boxes and 
_ tubs, and most of the remainder is for liners and circles, wrappers, 
_ paraffin, and drayage. The prices of tubs and boxes, liners and circles, 

fluctuate considerably; hence any figure as to the cost of preparation 
for market is not directly applicable after prices have changed. The 
cost of supplies in preparation for market represents 25.2 per cent of 
the total creamery costs, and 56.5 per cent of all supplies and miscel- 
laneous cost. 


x : : TABLE LX 
" ELEMENTS IN Cost OF PREPARATION FFOR MARKET 
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i. The next largest element of cost is labor. An average of 1178 


_ hours per creamery is devoted to preparation for market. This may 
_ be compared with 942 hours for receiving, and 374 hours for prepara- 
tion for churning. ‘This is 16.4 per cent of all the labor and manage- 
ment time per creamery. It is, however, only 15.0 per cent of all labor 
and management cost, because more apprentice and low-priced labor 
_. is used in this process than in any other. 
The next largest element in cost of preparation for market is cold 
storage. The temperature in the refrigerator where the butter is 
stored is kept at from 40 to 50 degrees F. 
4 The equipment used consists principally of the paraffiner, butter ” 
printers, scales, box-nailing outfit, trucks, and in some cases, counter. 
_ Different marketing policies in the different creameries to some ex- 
_ tent affect the costs of preparation for market. Of the 88 creameries, 
_ 50 sold all their butter in New York; 16, all in Philadelphia; and 15 
_ all in New York and other points. Only 2 sold all their butter in 
Chicago, 3 sold in Duluth and on the Iron Range, 1 in St. Paul, and 
1 in Minneapolis. 


° 
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An average of 14.8 per cent of all butter produced was sold locally, 
g.I per cent to stores and directly to consumers, and 5.7 per cent to 
patrons. Four creameries sold less than one per cent to patrons; and 
8 over 10 per cent. Ten creameries sold no butter locally except to 
patrons, 8 sold less than one per cent; but on the other hand, 21 sold 
over 10 per cent, and 9 over 20 per cent. ; 

An average of 81.6 per cent was packed in tubs, 15.8 per cent in 
boxes, and the remainder in jars for local consumption. Thirteen packed 
over 95 per cent of their butter in tubs, and all except 16 over 80 per 
cent of their butter in tubs. Only 4 packed less than half in tubs. 
Butter packed in boxes is for local consumption, or is shipped to Min- 
neapolis or St. Paul or a few other local points. All the rest is packed 
in tubs. 

The relative cost of packing in tubs and in boxes as prints will 
largely depend upon the relative price of tubs and liners and circles 
as compared with the price of boxes and wrappers. At present writing. 
the cost is $8.72 per thousand pounds for tubs and circles and liners, 
and $9.06 per thousand pounds for boxes and parchment wrappers.”4 
There is also some difference in the labor involved, altho the data were 
not sufficiently accurate to show it clearly. 

As more butter is sold locally to patrons and others, the costs of 
preparation for market decrease somewhat. This is because of the 
saving in tubs and boxes. 

Preparation for market decreases less with output than any other 
cost, because supplies, which constitute 68.8 per cent of the total, are 
very nearly proportional to output. The only supply items of im- 
portance that are not, are drayage and freight on supplies. The smaller 
creameries also purchase in smaller quantities. For these reasons, and 
perhaps some others, supplies cost the group of smallest creameries 
about 10 per cent more than those of over 200,000 pounds. Labor, 
cleaning, and space, on the other hand, decrease more than half between 
the groups of smallest and largest creameries; and these constitute 
about one-fifth of this process cost. But in this case, also, most of the 
decrease is in creameries of less than 200,000 pounds of output. The 
total range with output is from $20 per thousand for the group of 
smallest creameries, to $15 per thousand for the group of largest cream- 
eries; but for the reasons already mentioned, over $4 of this decrease 
comes before 200,000 pounds. 


RECORD KEEPING AND CORRESPONDENCE 

In record keeping and correspondence is included the work done 

in the office or elsewhere by the operator, the bookkeeper, or the secre- 
tary in keeping the books of the creamery, in calculating the pounds 


*% Ash tubs holding 63 pounds; s50-pound boxes. Data furnished by Creamery Package 
Company. : 
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of butterfat delivered by each patron, in making out patrons’ statements 


‘and checks, in making out annual reports and income statements, and 


whatever computations are required for the manufacturing record; and 


also all correspondence with patrons, customers, receivers, railroad com- 


panies, supply houses, etc. It represents $811 per creamery, or 8.6 
per cent of the total cost. 


TABLE LXI 
ELEMENTS IN Cost oF RECORD KEEPING AND CORRESPONDENCE 


Per creamery Per 1000 
pounds 
Amount Per cent of total of butter 
RSDACE arte cosreca Metpefaeraatetiaycs Suto oid sie ee aah as $65 8.0 $0.28 
RITE RORG Eee eis cise tarmac end Sieir sev Wbae oe Racer eS 49 6.0 0.21 
TIE Weed Heiss Pca ater cielo x teacia io avec) wen kale is 48) sige Res 575 70.9 2.47 
PUI aE ECU C GTN aiken) vag Misi s cic tis sue Heed aie wines ete oe 122 Peat 0.52 


TUSSI sc Got) Ape St One Cpeh SOS IR Re $811 100.0 $3.48 


Table LXI shows what this $811 includes. Over 70 per cent of 
it is labor, which averages 1369 hours per creamery. About 5 per 
cent of this was used for correspondence. This 1369 hours is 19 per 
cent of all labor and management time. 

The equipment consists of office desks, filing cases, adding machines, 
typewriters, safes, and, in a few cases, cash registers. Of the 88 cream- 
eries, 48 have adding machines, and 26 typewriters. Space is the whole 
of the office space, which averages 75 square feet per creamery. 

There is a wide range in costs of record keeping and correspondence. 
The. range with output, however, is only from $5 per thousand for the 
group of smallest creameries to $3 per thousand for the group of 
largest creameries. But in the group of 10 creameries producing less 
than 100,000 pounds, the range is from $1.52 to $7.50; in the group 
from 200,000 to 300,000 pounds, from 89 cents to $6.70; and in the 
group over 500,000 pounds, from 83 cents to $4.40. 

The reasons for these variations are obvious. Some creameries keep 
better records than others. Sometimes the work is done by a butter- 
maker who is “slow at figures’; sometimes by an alert-minded experi- 
enced bookkeeper or secretary who knows the system he is using. 
Most creameries make out monthly statements, 59 in all; but 17 issue 
semi-monthly statements, and 12 pay for each delivery. Selling locally 
increases the labor of record keeping. Carrying a large sideline busi- 


"ness increases it a very great deal. 


In general, per-unit record keeping and correspondence costs are as 
low for the middle-sized creameries as for the largest ones. This is 
because the largest creameries keep more elaborate records. The rate 
per hour for labor of record keeping is highest in the middle group, 

: 
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because in such creameries most of it is done by the operator or man- 
ager, whereas the larger creameries employ special help at lower rates 
than the operator’s. The rates per hour range from less than 30 cents 
in 17 creameries to more than 50 cents in 11 creameries. 


GENERAL MAINTENANCE 


General maintenance, averaging $274 per creamery, is made up as 
follows: labor and management, $50; equipment, $9; space, $12, and 
supplies and miscellaneous, $200. It represents the labor of the regu- 
lar employees of the creamery devoted to upkeep and repair of build- 
ings, equipment, and grounds which is not already charged to space 
and equipment; extra labor hired for general repair work that has 
not already been charged; the necessary tools for such work; work 
bench and work bench space; and a large assortment of miscellaneous 
supplies and equipment, as dippers, strainers, ladles, thermometers, 
paint, and lumber. Obviously, if a system of costs were being kept 
regularly, nearly all this expense would be charged to space and equip- 
ment and the: various processes. However, as there was no real basis 
for distributing it with the data at hand, it was carried-as a general 
undistributed item. It represents less than 3 per cent of all costs. It 
varies with output at about the same rate as labor and equipment 
combined. 

GENERAL MANAGEMENT OR OVERHEAD 

Under general management are included overhead expenses that can 
not be distributed between processes on any real basis. Of the total 
of $562 per creamery charged to this account, $261 is for the time 
of the regular operator or manager devoted to management. This is 
included in the elementary costs as labor and: management. The re- 
mainder, $302, appears in the,elementary costs as supplies and miscel- 
laneous. It is divided about as follows: salaries of treasurer and di- 
rectors, $89; other help hired for management, traveling expenses, etc., 
$50; telephone and telegraph, $35; interest on balance, $77; miscel- 
laneous, including postage, $51. 

The labor and management hours charged to general management 
average 506 hours per creamery, which is 7.0 per cent of the total. 
Eight creameries reported less than 100 hours, and 5 more than 1000 
hours. The range in labor and management cost charged to this ac- 
count is from 32 cents per thousand for a creamery making 112,000 
pounds whose manager devoted 60 hours to management, to $3.14 per 
thousand for a creamery: making 492,000 pounds whose manager de- 
voted full time to management. For creameries with no helper, 6.3 
per cent of labor and management is charged to general management ; 
for creameries with one helper, 8.0 per cent; and for creameries with 
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. i 
| two or more helpers, 10.1 per cent. This is in keeping with general 
| experience: the management of a small business can be carried on 
incidentally and requires very little special time, but as the business 
grows, there is more than a proportional amount of supervising and 
co-ordinating to be done. Most of the creameries making over 500,000 
E pounds employ a manager who does very little else. Reduced to an 
; output basis, the range is from $1.90 per thousand in the middle-sized 
’ creameries, to $2.70 for the group of largest creameries, and to $3.20 
for the group of smallest creameries. 


p 
\ 


EXTRA SPACE 

Extra space, averaging $127 per creamery, is carried as a separate 

item because there is no proper basis for distributing it between pro- 

cesses ; and because there is question as to whether it should be charged 
to current business. 


| 


‘ BUTTERMILK AND SKIMMILK DISPOSAL 

The $13 charged to buttermilk and skimmilk disposal is for equip- 
' ment only. A small amount of labor and space should also be charged 
to this process. Equipment consists principally of buttermilk and skim- 
’ milk vats and pumps, and occasionally a weigher. 


HAULING 


hy Hauling includes only the hauling of cream. Only 12 of the 88 
- creameries do any hauling. This work was considered as not belong- 
‘ing to the creamery proper, and all receipts from it or expenses con- 
nected with it were removed from the creamery records, except this 
one item of equipment cost averaging $25 for the 88 creameries, which 
could not very well be separated. It amounts to an average of $183 
for the 12 creameries. 

SIDELINES 
Of the 88 creameries covered in the survey, 37 did some business 
in sidelines. Only 5 manufactured ice cream, 2 made cottage cheese, 
and one made casein. The most common sideline was sweet cream and 
_ milk, bottled and sold by 14 creameries. Several more sold only cream. 
4 One was shipping buttermilk to St. Paul, and another was selling the | 
; _skimmilk to a milk powder plant. 
All the foregoing are dairy product sidelines. Six, however, were 
. handling poultry and eggs, 6 more eggs alone, and 4 flour and feed. 
\ One was handling sugar, another coffee, and another a general line of 
4 groceries. Three were selling the farmers oil, and 7, salt. One was 
feeding skimmilk and buttermilk to hogs, one was running a laundry, 
and one was shipping livestock and potatoes and selling flour, feed, and 
farm implements. 


a 
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It was of course difficult to separate the cost chargeable to sidelines. 
Where the sideline business was a major enterprise of a distinct sort, 
as in the case of the laundry or the grocery department, the creamery 
business was separated from the other as completely as possible. The 
costs given, therefore, are for clearly sideline enterprises. The average 
is $89 per creamery, divided as follows: labor $43, equipment $18, 
power $2, supplies $26. If this cost is distributed over only the cream- 
eries handling sidelines in appreciable quantity, say 22, the average is 
nearly $400 per creamery. When the costs per thousand pounds of 
butter of these 22 creameries were compared with those of the other 
66, and adjustments made for differences in output, an additional cost 
appeared for the sideline creameries of over $2 per thousand. This 
would indicate that probably the $89 is too low—probably the labor item 
is too low. It must be remembered also that a certain amount of 
general management and general maintenance should be charged to 
sidelines. 
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Cost IN DOLLARS Pee 1000 Dounos of BuTTER 
Fig. 24. Relation of Output to Creamery Cost of Butter 


ALL COSTS COMBINED 


Figure 24 shows the variations with output of each of the four 
elementary costs and of the four combined. As all four curves are 
drawn to the same scale, this a clear picture of the relative effect upon 
total cost of the variations in each of the elements. Labor and man- 
agement is responsible for much more of the decrease with output than 


any other factor. Supplies and miscellaneous is next in significance. |} 


Labor and management shows a very, pronounced effect under 200,000 
pounds, and some effect above this point. Supplies and miscellaneous 
has its effect all the way up, altho especially at the very bottom. Space 
and equipment produces most pronounced effect close to the bottom. 
The combined effect is a curve of decreasing cost all the way up, but 
at a decreasing rate from the very bottom, and especially after 200,000 
pounds. - 


. 
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The principal reasons for the shape of this combined curve may 
be stated as follows: (1) Labor, space, and equipment are more fully 
utilized by the larger creameries. There is a rapid improvement in 
utilization in the lower ranges. The reason for this is that there is 
usually a minimum-sized unit, such as one man, one churn, one engine, 
one ice machine, or one ripener, which is never fully utilized with a small 
output, and utilization improves rapidly up to the limit of this minimum- 
sized unit. Beyond this point utilization improves either because a second 
unit is more fully utilized, or the larger units permit better utilization. 
The larger the plant the better the fit that can be obtained between plant 
and volume. (2) The larger units of equipment are more economical 


| _ of labor, power, and supplies than the smaller units. This is especially 


noticeable with coal and ice. They also occupy less floor space per unit 
of output. (3) The larger creameries secure their labor more cheaply 
because they are able to divide their work between expensive and cheap 
labor, whereas in the one-man creamery a high-salaried buttermaker 
does all the work. 

It must again be made clear at this point that any given creamery 
with a given plant and labor force can not expect to reduce its costs 
with increase in output closely along the direction of this curve. This 
curve is based upon the kinds of plants, equipment and labor and man- 
agement that are found accompanying these outputs in Minnesota. As 
any given creamery increases its.output, it will find first one cost and 
then another decreasing with output up to the point of full utilization 
of that particular part of the equipment, or labor supply, or plant; and 
then as a larger unit of equipment, or an additional helper, or larger 
building is provided, this particular cost will be increased until the larger 
or additional unit is fully utilized. When it is fully utilized, the cost 
will be somewhat less than it was for the smaller unit when it was fully 
utilized. The curve for any one creamery as it increases in output is 
therefore likely to be an irregular jagged curve, but its general direc- 
tion is much like that in Figure 24. 

Moreover, if all the creameries in the state had started at 75,000 
pounds output, and had gradually increased to 500,000 pounds, the cost 
line over which they would have traveled would have closely resembled 
this curve. ‘ 

Output, however, is only one of the factors producing variations in 
4 cost. Table LXII shows that there is a wide range in any output group. 
__ The creamery in the highest-cost group, whose cost was 8.1 cents per 
pound, pays a manager $1600, a secretary $500, its directors and treas- 
urer $120, and in addition employs a helper for two months. This is 
| _a very large payroll for a creamery making only 60,000 pounds of but- 

ter per year. In addition, its space cost is high because of the rapid 
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depreciation of a poorly constructed concrete building. Its equipment 
cost is also high for a small creamery. 

The creamery in the same group whose cost was 4.6 cents per pound, 
making 97,000 pounds of butter, pays its operator. $2000; but the op- 
erator does all the work. No other salaries are paid, not even to 
directors. Its space cost is low—the building is of brick and was built 
in 1906. Its power cost is low, owing to cheap power rates. 

The creamery in the second group whose cost was 6.6 cents per 
pound has a payroll of over $5000, altho it makes only 140,000 pounds 
of butter. It pays its operator $1900, its bookkeeper $300, its officers 
$150, and employs two full-time helpers. It has a brick building worth 
$12,000, and a $4000 ice machine. This creamery handles considerable 
milk and cream as a side line; but far from enough of these to warrant 
the present expansion of the plant and staff. Such a maladjustment 
may have arisen from a falling off in volume or from a failure of vol- 
ume to meet expectations. Such maladjustments happen frequently 
with co-operative creameries. : 

In this same group are three creameries whose costs are around 
3.5 cents per pound. Two of these have exceptionally low labor and 
management cost, paying their operators only $1450, and their secre- 
taries $150, and.employing no helpers. Two have low space cost, be- 
cause they are using old frame buildings. The equipment cost is low 
in all three of these. None of them has an ice machine. 


TABLE LXII 
RANGE In CREAMERY Costs BY OuTpuT Groups 


Costs per pound of butter 


Output groups = 


High Low Average _ 
Cents Cents Cents 
Under TOO COGN Ay A dyecwatatn See eee Sark eh ee ee eee ie ee 4:6 5.75 
YOO;O0O HOME SOSOOOiatras cee sepeb eve sie ee neempeKme atcha otan 6.6 Bay. 5.05 
I50,000 to 200,000..... Re GK Cer se Ora ah arora e eo = 5.2  ESey 4.31 
20000 0n LOmeS O;O0 Orn prevent aneta eae ou nan i ee cae neni wis 4.6 Be. 4.05 
DE OOO S LOM ZO 0s OO Oss lan ccongh cetera shadarane Een cin eee en cinoma) ote an 4.1 303 BZ. 
300,000! tO;400,00.05).) che. = maciepahenes ieee ee Cethaa eractS 413-7 2.8 3-55 
400,000 260; 500,000)... ... 22 wm vier shaper uievens Pemoridey years ahe 3-4 2.6 3.20 
Over OOO OO s ae oterstrirte eyareke opt ean cae wetter gear ee een BT 2.4 2.98 
GATE T Ot OG vrs lanes «abana renders ee ae Een eaces Rabe ere Rete 8.1 2.4 4.07 


The creamery in the 250,000 to 300,000 group whose cost was 4.1 
cents had a large payroll with two full-time helpers, a $2000 operator, 
an expensive building, and high power and cold storage costs. In con- 
trast, the low creamery in the group paid its operator $1400, a full-time 
helper $800, and a secretary $300. Its plant was valued at only $3000. 
Their equipment costs were about equal. 
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Two of the very largest creameries may be compared as follows: 
value of building, $8000 and $23,000; value of equipment, $3500 and 
$13,000; payroll, $5400 and $6000. The second of these two cream- 
eries makes nearly 150,000 pounds more butter than the first, but its 
costs are still 0.6 of a cent higher. 

It is possible from the data thus to analyze each creamery and show 
why its costs are as they are. The foregoing example shows the gen- 
eral nature of the problem. There is not room in the bulletin for 
detailed analysis of individual creameries. 


THE LEAST-COST COMBINATION 


The various elementary costs are of course closely inter-related. A 
well-arranged and well-maintained plant with just the right amount of 
floor space can handle a larger volume with the same labor force than 
can a plant defective in any of these particulars. Thus building cost 
may to some extent be substituted for labor cost. In the same way, 
equipment may be to some extent substituted for labor. For example, 
a larger churn will mean fewer churnings—most of the churn labor 
is proportional to the number of churnings. Adding machines greatly 
reduce the labor of record keeping. Ice machines reduce very consid- 
erably the labor of preparation for churning, and electric power reduces 


power labor considerably. Similarly larger units of equipment are 


economical of space. 

Thus in considerable measure labor, equipment, and space costs 
may be used to offset each other. But how much equipment does it 
pay to substitute for labor, or space for labor, or equipment for space, 
or vice versa? ‘This depends upon two things, which can be stated, 
for example, in terms of churning: one is the number of hours of 
labor saved per year by the larger churn, and the number of square 
feet of floor space. The other is the relative prices of these cost ele- 
ments—the relative prices of churns, rates of pay for labor, and costs 
of building space. If equipment prices rise faster than labor rates, 
then it will less likely pay to substitute equipment for labor. 

Unfortunately the data obtained are not sufficiently accurate to war- 
rant a careful analysis from the standpoint of the least-cost combination. 
Enough analysis has been made, however, to show that there is con-” 
siderable variation between creameries. This means that most of them 


are not really working at their least-cost combination. Table VIII gives 
the average proportion between the four elementary costs as follows: 


Building and site, 11.7 per cent; equipment, 9.9 per cent; labor and 


management, 32.5 per cent; supplies and miscellaneous, 45.5 per cent. 


Table LXIII shows how these proportions change with output. In 
general, the proportion indicated for each output can be taken as a 
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rough standard with which to compare any creamery with that output. 
Percentages for intermediate points can be obtained by dividing curve 
E at the desired output in Figure 24 by curves A, B, C, and D at the 
same output. Note that the percentage of cost in building and site de- 
creases from the start, and that the percentage in supplies and miscel- 
laneous increases from the start. This is because space increases less 
than proportionally to output, and supplies much more nearly propor- 
tionally to output. The percentage of cost in labor and management 
decreases rapidly at first and then increases. 


TABLE LXIII 


CoMBINATIONS OF ELEMENTARY Costs AT DIFFERENT OUTPUTS 


Percentage of total cost 


Output Building Labor Supplies Total 
Equip- and and and 

ment site management miscellaneous 
TOOL Gredencieistcisupnval dutatepele cat 10.3 12.5 38.9 38.3 100.0 
ZOOS OO aie Macrae wie ler atatal Paes Sp ae) 12.2 32.5 44.0 100.0 
FOO, OOO ain leit ceekarehoilelsvefare) ake ie 11.0 11.9 31.3 45.8 100.0 
AOOVOOO cra.cvaria seclers vi taauatarans 10.5 1,5 31.9 46.1 100.0 
BOOVO ODlsine creveim uk hee tay ovate he 9.9 10.6 33-1 46.4 100.0 
600500 Oisra 0.5 suc) sarihers teteseres ar eithe 9.1 9.8 34.2 46.9 100.0 
ANOPARE Seis sca ntene ca als 9.9 11.7. 32.9 45.5 100.0 


That individual creameries vary greatly from the standards in Table 
LXIII is illustrated by the following: There are 8 creameries in the 88 
with outputs between 131,000 and 137,000 pounds. Labor and man- 
agement cost plus building and site cost plus equipment cost ranges 
from $2581 to $6066 per creamery for these 8 creameries. Supplies 
and miscellaneous are omitted because fairly constant. Labor and 
management in these 8 creameries vary from 47 to 69 per cent of 
the sum of the three costs; building and site from 10 to 35 per cent; 
and equipment from 11 to 34 per cent. A similar showing can be made 
with almost any output group. A considerable part of this variation 
is, of course, due to differences in the age of the buildings and equip- 
ment, and the price level at the time of construction and installation. 
If a method of valuation could have been used, however, which would 
have put all plants on the same basis in these respects, there would 
still have been a pronounced range. 

Generally speaking, however, the manager and directors of a cream- 
ery are not called upon to determine the whole of a least-cost combina- 
tion at one time. The problem presents itself in such concrete forms 
as the following: Shall we buy another churn? How large a churn 
shall we buy? Shall we install an ice machine? Shall we buy an 
adding machine? The procedure in such cases is to estimate the cost 


of labor, space, and equipment in all possible combinations, make proper’ — 
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allowance for effect on quality of product and the like, and choose 
‘accordingly. Not all the data needed for such estimating are available; 
but those published in this bulletin will help considerably. 

An example of the type of information needed is given in Table 
LXIV. After allowance was made for differences in output, increasing 
the floor space from 6 to 16 square feet per thousand reduced the hours 
_ per thousand by 8.2; and increasing the floor space beyond this point, 

as would be expected, had the opposite effect. A large amount of floor 
space per thousand may also indicate smaller units of equipment, and 
hence additional labor indirectly. 


TABLE LXIV 


Square feet per 1000 pounds Hours per 1000 pounds 
aN ea Sh eR e a g ir avin) 2.5 ay kage eS ew o's, wie Eonieye swag Salle ate, aye a ce are 35.8 
ae TSE MMR Tee e PT POWe TC aU tat cy Pav oa) ns a)re--Arioifae ta. 4) eral lavialy veel on oooh Bele. ole 0 8 eee isle selene 29.7 
Se aa ee Rm RT Pe Pet syicrairaist ec i'c \nstese eile ctv c!ajis sislsterene bt sjetate a belevalpisieyes aie aa aisle 27.6 
ea NEC oN tote o Sarre ata iar slain o7a rebar, eferera Seeaya siS:% 8. Fie. Dim @) slaves wholes 37.2 
Resta ree cievete Sivseisi> ve se tae ee oie et wees hve be WE, eet ey dines he lors feet 47.1 


The data in Table LXIV have not been analyzed closely enough to 
warrant any important use of them. The same is even more true of 
the results of several similar analyses that have not been included. 


~ COST AND QUALITY OF PRODUCT 


The ordinary range in creamery costs per pound of butter was 6 
cents. The ordinary range in price received per pound of butter was 
10 cents. (See Table V.) But probably 4 cents of this 10 was due 
to differences in quality of cream received, and 3 cents or more to 
differences in freight and marketing costs and seasonal variations in 
receipts. The rest can be ascribed to differences in skill in butter- 
making, in quality of plant and equipment and the like, differences 
which would ordinarily be associated with differences in cost. It is 
the purpose of this section of the bulletin to see if high costs mean high 
_ prices for the product, and vice versa. A difference of 3 cents per 

pound in cost is warranted only if it means more than 3 cents more 
per pound for the product. This analysis is hard to make because, as 
_ just pointed out, there are three other factors besides costs which affect / 
_ the price for the product. An effort will be made to allow for the 
_ differences in quality of cream. The other differences can not be 
“properly adjusted ; it is hoped, however, that they will offset each other 
along the range of variations in the other factors. 

___ If costs per pound are compared directly with output regardless of 
the size of the creamery, the relationship obtained will be the very 
opposite from what one would expect, for the larger creameries not 
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only have the lower costs, but, as will appear later, receive a better 
quality of cream and have better buttermakers, and hence turn out a 
higher quality of product. Hence it was necessary to adjust all ob- 
servations for the effect of differences in output. 

When per-unit labor and management costs were thus corrected, the 
results were as given in the second column of Table LXV. Labor costs 
$6 per thousand under the average for their outputs are accompanied 
by 2.7 cents lower prices for butter than in creameries with labor 
costs $2 and $4 above the average for their outputs. When, however, 
differences in quality of cream are eliminated, the range in effect is 
reduced from 0.8 cent under the average price for their grade of cream, 
to 0.2 cent over the average for their grade of cream. Moreover, prac- 
tically all the creameries have labor costs within $—4 and $+ 4; and 
between these extremes the variation in prices received for butter from 
the same grade of cream is only 0.4 cent. This is only 5 per cent of 
the variation in labor cost.. It thus appears that in general, additional 
labor cost, even after making allowance for difference in output, is very 
little associated with a better product. 


TABLE LXV 


RELATION OF Lazsor Cost to Prices RECEIVED FOR BUTTER 


Labor costs per 1000 ypounds Average annual Average annual prices 


as compared with the aver- prices received compared with average 
age for their outputs* per pound of butter for their grade of cream* 
Cents Cents 
$—6 Esato. —o.8 
—4 55.0 —0.2 
7 55-8 +0.2 
° 56.2 +0.2 
+2 56.7 +o0.2 
+4 56.7 \ eee 
+6 56.3 +o.1 
* +, above average; —, below average. 


Another attack on the same problem is to compare the salaries of 
the head buttermakers and managers with the quality of product. The — 
higher salaries are accompanied by higher prices for butter, but this — 
is what one would expect, for as outputs increase, salaries also increase 
and concurrently the quality of the cream improves and also the quality 
of product even for the same grade of cream. If the advantage of — 
this better buttermaking and better cream that accompany larger output _ 
is taken away, the quality of the butter actually decreases with salaries. 
Thus the buttermakers receiving from $200 to $400 over the average 
for creameries of their output are receiving more than a cent less per 
pound for their butter, and also a cent less than the average for the 
same grade of cream, than the buttermakers receiving from $200 to 


a 


$400 less than the average for the same output. This simply means 
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that all the effect of better salaries upon quality of product and a little 
more, is included in the larger-salary and better-product relationship 
that exists in the larger creameries. 

However, in 7 creameries salaries paid buttermakers are $200 or 
more over the average for their outputs, and the average price for 
butter in 1919 was more than 58 cents a pound. Four of these receive 
2 cents or more over the average price for butter made from their 
grade of cream. At the other extreme are several creameries with 
relatively low salaries and low prices. The reason that the general re- 
lationship does not run this way is that there is a larger number of 


_ ereameries in which high salaries for their output are not accompanied 


by higher butter prices, and in which low salaries are not associated 


with correspondingly low butter price, for a given grade of cream. 


A somewhat similar relationship exists between building costs and 


quality of product. The creameries with annual building costs 20 cents 


per square foot above the average are making appreciably better butter 
than those with low annual building costs. But it can not be said that 
the one is the cause of the other. It results because good dairy farm- 
ers will build good creameries and hire good buttermakers as well as 
deliver good cream. If adjustment is made for quality of cream and 
output, no relationship seems to be left between building cost and qual- 
ity of product. 

As one would expect, no obvious relationship can be traced between 
cost of equipment and supplies and quality of product. It may exist, 
but it is so slight that it can not be distinguished. 

We therefore come to the conclusion that higher creamery costs, 
when allowance is made for output and quality of cream, have in gen- 
eral no very appreciable effect on the quality of the product, altho there 
are many individual instances in which they have. The higher cream- 
ery costs are therefore mostly for other reasons than effort to secure a 
better product. 


COMBINATION OF GRADES OF THE COST ELEMENTS 


The analysis of cost and quality of product has brought out the 
point that there is a tendency for certain grades of the cost factors to 
be associated with each other in any one creamery. Thus the quality 
of cream and grade of buttermaker both vary together with output. 

When this relationship was examined more closely it was found that 
the creameries receiving “sour” cream paid their buttermakers salaries 
averaging $1300 per year; those receiving “fair” cream, $1700 per 
year; and those receiving “good” cream, $1900 per year. Annual 
building costs showed the same variation and about the same range. 
These relationships indicate that the best butter is made in the best 
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creameries by the highest paid buttermakers. This is what would be 
expected. The farmers in territory with a sparse milk-cow population 
are not greatly interested in their income from butterfat, and will not 
furnish the money for an expensive creamery building. A high-salaried 
buttermaker would mean very high labor and management cost per 
thousand of output. In the dairy-farming regions, the opposite of these 
conditions prevail. ati 

It is sometimes argued that the creameries receiving poor cream 
should have better buttermakers than those receiving good cream. 
Whether this is true or not depends upon whether a good buttermaker 
can add more to the value of poor or of good cream in manufacture, 
and upon output. It might be that a good buttermaker could add a 
half-cent per pound to the price of the product of a 50,000-pound cream- 
ery; and only a quarter-cent to the price of the product of a 300,000- 
pound creamery. Obviously, under these conditions the small creamery 
could not afford to hire the good buttermaker—it would have to 
bid. $750 to take him away from the larger creamery, if the larger 
creamery knew what it was about—and he would add only $250 to the 
value of the butter. 

Undoubtedly there are many creameries that could profitably pay a 
higher salary and get a better buttermaker; but there are many that 
could not. It would be fine, of course, if all creameries had better 
buttermakers; but if there is only a limited number of them, it is in 
thé interests of all that the creameries with more and better cream 
should have them. In the meantime, every effort should be made to 
raise the general level of all buttermakers. 

Also each creamery should reason out and determine the grade of 
buttermaker it can afford, always making proper allowance for what 
a good operator can do in getting the farmers to improve their cream. 
If enough volume can be obtained, a high-salaried buttermaker can be 
hired even for poor cream. Several creameries covered in the survey — 
illustrate this. 


THE MOST ECONOMICAL SIZE OF BUSINESS 


Figure 24 shows that creamery costs per unit of output decrease as 
output increases as far as 600,000 pounds, at least. It is likely that they 
would continue to decrease above this point, altho at a decreasing rate. 

A further consideration is quality of product. The larger cream- 
eries pay higher salaries for buttermakers and managers and secure a 
higher degree of skill and quality of service, which is reflected prin- 
cipally in higher prices for butter. Table LX VI shows that the cream- 
eries of 350,000-pound output receive cream which ranks 1.5 points 
better than that of creameries of 100,000-pound output; and that they a 
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made butter of it in 1919-20 which sold for 2.1 cents more per pound. 
If we assume the same creamery costs (4.07 cents per pound), and the 
same overrun (22.0 per cent), the 350,000-pound creameries could have 
paid 2.6 cents more per pound of butterfat; or 1.2 cents more if the 
grade of cream had been the same. This means that 1.4 cents of the 
2.7 cents would have been due to the better cream received. If this 
variation with output is combined with the variation in creamery costs 
with output, the combined effect, assuming the same grade of cream, is 
3.6 cents more paid patrons per pound of butterfat by 350,000-pound 
creameries, than by 100,000-pound creameries. This is stated in detail 
in Table LXVII. It is to be noted that the quality of product for the 
same grade of cream improves very slowly over 350,000 pounds of 
output. 
TABLE LXVI 


RELATION OF OuTPuT To QUALITY OF CREAM RECEIVED AND QUALITY OF PRODUCT; 
88 MinnESoTA CREAMERIES, 1919 


Average Average Average price Price paid 
price rank* per pound of patrons per 
Output received of butter for pound of butter- 
per pound cream same grade fat for same 
of butter received of cream grade of cream* 
Cents Cents Cents 
PSP aletete alennds aise. e0s:8 any. 3.9 54.8 61.9 
REP ERS COC aeiis\iai's <i eceeelvs <)> 54.0 3.5 54.9 62.0 
MMISOOOR asia icisie se ele.e sie%0 8 54.6 3.0 55.1 62.3 
RADON OOO cea yeniidsa.e cate eo: coh 55-4 Pay) 55-4 62.6 
BOLO Ua oleic ec eials > eves 55.8 2.4 55.6 62.9 
OOO OO sini iis, salsrstcre e's sce 56.1 22) 55.7 63.0 
EADCOO Olataietnl viiny lence: assis 56.1 2.0 55.8 63.2 
REY OB Urs siel'siaie iss lo, vie 's/0' 56.0 2.2 55-9 63.5 
BOWsOOO aia Ware e sie diarers os 55.6 eos 56.0 63.4 


GOOSOGO ie!) wis sities s-scsiee 6 55.6 2.4 56.1 63-5 


* Rank I, sweet cream; Rank 5, sour and old cream; Ranks 2, 3, and 4, intermediate 


grades. 
7 Assuming same overrun (22.0 per cent) and same creamery costs (4.07 cents) re- 


gardless of output. 


For a complete statement of the economies of larger volume, this 
additional price for the product must therefore be combined with the 
savings in cost. ; 

The problem also has another important aspect, namely, the larger 
the volume the greater the distance which the cream must be hauled., 

While this is not a creamery cost, from the standpoint of economy in 
_ organization of the whole creamery function of marketing the farmer’s 
_ butterfat, it bears on the problem in exactly the same way as if the 
creamery were paying it. 
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TABLE LXVII 
RELATION OF OutTPuT To Prices Patp Patrons For BuTTERFAT, 88 MINNESOTA 


CREAMERIES, 1919 


Assuming same Assuming same Combined 
Outputs price per creamery costs per effect per 
pound of butter pound of butter pound of butter 
Cents Cents Cents 

FO. GOOW a's eet oanres eras eae 58.9 61.9 58.3 
TOO;OOO nv.ccr vista Acer ecensieschie at ore 61.0 62.0 60.3 
PE OS OOO Aaa on Boehner eye eae 62.1 62.3 61.8 
BOO;00 Ora Hered ee ceaneas siese <Page 62.5 . 62.6 62.5 
BRO ;OOO ss won) spedyrtin they enties stead x eave 62.8 : 62.8 63.0 
Be RO 23 as) et StU Sip R oe 63.1 63.0 63.4 
BEOOGs Wi tra ne Maia eie uated a 63.3 63.2 63.9 
AOO.GOO% ris se ele c cea ete, areata 63.5 63.3 64.1 
OOOO Olas brs ce wistzintete, sheen neers 63.7 63.4 64.4 
GOOsO00 gers taiora al sauchals level er eprelegele 63.9 63.5 64.7 


The cost of hauling cream can not really be determined in any gen- 
eral way or with any high degree of accuracy. It will vary with the 
amount of butterfat produced per square mile, the number of deliveries 
per week, the size of the load, and above all, with the proportion of 
the trips that are made solely or partly for the purpose of delivering 
the cream. Figure 25 shows four curves of hauling costs per thousand 
pounds of butterfat, based on four different assumptions, as follows: | 

A = 4000 pounds of butterfat per square mile, 3 deliveries per week, 
with half of all costs of the trips, including automobile cost and 
labor cost, charged to cream delivery. 

B = 2000 pounds of butterfat per square mile, 2 deliveries per week, 
with only half of the automobile cost charged to cream delivery. 

C = 2000 pounds of butterfat per square mile, 2 deliveries per week, 
with half of all hauling costs as in A. 

D = 1000 pounds of butterfat per square mile, 1 delivery per week, 
only half of automobile costs, as in B. : 

600 
no eo Aes 
oe ovo 

Saeco ammaeise 
oo | Ze Se 
er = Se 
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Fig. 25. Relation of Output to Creamery and Hauling Costs per Pound of Butter 


In all cases, a 50-pound load of cream was assumed; and these 50 
pounds of cream were assumed to be equivalent to 18 pounds of butter. 
Automobile costs were assumed to be 10 cents per mile. In A and C, 

a man-labor rate of 20 cents per hour was assumed, and a tite rate Ve 
of 4 minutes per mile, and 15 minutes extra at the creamery. Bis 
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Assumptions B and C represent about average conditions in the 
_ state, for example, the intermediate dairy section; assumption A, con- 
i ditions in the southern dairy section; and assumption D, in the Red 
| River Valley and southeastern corn section. 

; Table LX VIII gives the average length of the haul, one way, and 
; marginal length of the haul, for various outputs and for four different 
iF densities. Thus to secure 600,000 pounds of milk even at 4000 pounds 


B 6.23 miles will have to deliver ‘helt milk to one creamery ; and the 
average haul for all patrons will be twice 4.15, or 8.30 miles. At the 
other extreme, to secure even 100,000 pounds output with 1000 pounds 
‘of butterfat per square mile, the average haul will be 6.78 miles. 


TABLE LXVIII 


Le Lenctu or Haut, ONE Way, FoR DIFFERENT OUTPUTS AND DENSITIES 
: Ls Butterfat per square mile 
ie - 
ie Output 1000 pounds 2000 pounds 3000 pounds 4000 pounds 
{\ Average Marginal Average Marginal Average Marginal Average Marginal 
: Miles Miles Miles Miles Miles Miles Miles Miles 
ie BOG, OOO. dis ici. ss. 3-39 5.09 2.40 3.60 1.96 2.94 1.70 2.54 
1 i 200,000..... fee As8 7.25 3-39 5-09 2.78 4.16 2.40 3-59 
4 i BO0,000% oes. 5.87 8.82 4.36 6.54 3-39 5.00 te 2.93 4.39 
if = 400,000........ 6.79 10.17 4.82 7.23 3-92 5.87 5 3-39 5.08 
11.36 5.37 8.06 4.38 6.54 3.80 5.70 
12.46 5.87 8.80 4.80 7.19 4.15 6.23 


Curve M in Figure 25 is the same curve of creamery costs as was 
given in Figure 24. 
= Curve W represents a combination of A and M; Curve X, of B 
and M; Curve Y, of C and M; and Curve Z, of D and M. Creamery 
costs decrease with output, but hauling costs increase. At 600,000 
r pounds, hauling costs are more than creamery costs for all assumptions 
except A. The combined cost represented by Curve W is for a density 
- of 4000 pounds of butterfat per square mile, one-half of all hauling 
_ costs being charged to the cream. Note that this combined cost de- 
| creases to about 400,000 pounds and then remains constant to 600,000 
pounds. Curve X, representing 2000 pounds of butterfat per square 
mile, only one half of automobile costs being charged to cream, de- 
creases to 250,000 pounds, and remains about constant to nearly 500,000 
| pounds. Curve Y shows an increase at 400,000, and Curve Z promptly 
| at 200,000 pounds. 
> If none of the assumptions here made fit a particular creamery, it 
should be possible from the data given to make some new assumptions. 
Density can be varied, likewise the size of the load, the butter yield of 
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proportion of trips made for the sake of delivering cream. If the cream- 
ery gathers cream, the rates charged, or better still, the cost of such 
hauling, can be substituted for the costs in Curves A to D. 

This analysis, furthermore, makes no provision for the better quality 
of butter made by the larger creameries. Allowance can be made for 
this in the diagram, however, by subtracting whatever is proper from 
the creamery costs as a sort of by-product credit. 

It is interesting to compare Figure 25 with the data in Tables I 
and II. In none of the sections do the creameries average as large as 
would be indicated as most economical by Figure 25. There are many 
creameries in each section, however, which have attained this point or 
have gone beyond it. : 


TABLE LXIX 
TERRITORY SUPPLIED BY CREAMERIES 

No. of Average Average Butter- Length of haul 

Area cream- area per butterfat fat per a 

eries creamery  percreamery squaremile Average Marginal 
Sq. mi. Sq. mi. Lbs. Lbs. Miles Miles 
TO atOmes Olstargeierckarsererere 8 24 1355577 5,590 1.81 2.72 
BibO @. OOcisa. sessile sie 24 45 184,425 4,163 PATA 3.76 
ONOTOM OOS cterafge catenin 26 75 190,130 2,538 3-24 4.86 
EtG pF DOE are aieieute ces 15 104 177,961 1,715 3.80 5.70 
aT tod SOS hace aeot 137 212,105 1,530 4.38 6.58 
ME Te LOE Oca ta ciotieleiioens I 168 180,486 1,074 4.89 7.24 
Ower 7 180... eriev vies 6 416 226,732 633 6.87 10.31 
All creameries..... 88 96 189,600 1,941 3.71 5.56 


Table LXIX shows that the average territory of the 88 creameries a 
covered in the survey was 96 square miles, which means an average of | 
average hauls of 3.71 miles and an average of marginal hauls of 5.56 © 
miles. In this case, however, there is some overlapping of territory— 
included within the territories given are some who are hauling to neigh- | 
boring creameries. It is to be noted that density of butterfat production 
does not alone determine the creamery area and size of creamery. 
There are wide variations in the size of creameries in any one density 
group. Thus in the group of 8 creameries serving territory from 16 
to 30 square miles, are creameries ranging from 61,000 to 229,000 
pounds of butterfat, and densities ranging from 2000 to 6600 pounds 
per square mile. The smallest area, 16 square miles, is for a creamery 
handling 106,000 pounds of butterfat, with a density of 6600 pounds. 
The largest area, 660 square miles, is for a creamery handling 330,000 
pounds of butterfat, with a density of 500 pounds. Needless to say, this 
creamery is located in cut-over territory. The largest creamery cov- 
ered in the survey serves 440 square miles of territory, with a density _ 
of 1620; but the next to the largest, only 132 square miles, with a_ 
density of 4700. The smallest creamery serves about 170 square miles 
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of cut-over territory, with a density of about 200 pounds; the next to 
the smallest, only 70 square miles, with a density of 540. It thus ap- 
pears that both large and small creameries are found in both densely 
and thinly settled territory. On the whole, the creameries are larger 
in the dense territory than in thin territory, but not as much so as one 
would expect. For example, the 11 creamery areas with densities over 
5000, averaging 6300, have creameries handling an average of 282,000 
pounds ;-and the 9 areas with densities under 1000, averaging 480, have 
creameries handling an average of 137,000 pounds. These circumstances 
demonstrate that there are other factors than density and cost of hauling 
which determine size of creameries. 


LOCATION OF THE CREAMERY 


The size of the creamery is closely related to its location. Table 
LXXI shows that of the 692 creameries in the state in 1920, all but 
167, or 24 per cent, were located at a shipping point. Many of the 167 
were located at small inland villages or cross-road trading points. Table 
LXX shows that only 12 of the 88 visited were in the country. 


TABLE LXX 


LocaTIon OF CREAMERIES VISITED 


Country Village or city 
No. of : No. of creameries 
Location cream- Population 
eries In center On edge Total 
Less than 3 miles out..... 3 Less than) $00.80... 6 14 20 
Eto RO mTles, Olt s;.:0.- 725. 2 SOOO TOO ac vis wa see wee 8 II 19 
Geter Q utiles) Olt... 6.5.0. 6 1000 tO 2000.......+..- II 10 21 
Over 9 miles out......... I ZOOOMO SOOO! 5 esse as 5 3 8 
3000 tO 4000.......... 2 fo) 2 
4000. and. over...<.... 3 4 7 
BCE arene RRs ccna to eya a, coke 12 4 Woyerll Wao ches eC te 35 41 76 
TABLE LXXI 
Location oF MinneEsoTA CREAMERIES WITH RESPECT TO SHIPPING PoINTS 
d No. of ; No. of 
Location cream- Location cream- 
eries eries _ 
PAPESHID DIS, PONE. 20 soca sae seas eee ow 525 TO) miles * distant on. «sisi vies eke crniaecs oe 6 
wNS! (GRIGTIEY a 06 Ayer Chce es CS CICLO Re CR 4 Ire MAES AMIStan te we ceeard vit kalela sone 4 
PREM MMATSEATIE 1 foci viie) cuss sve.0 6.0/0 «leva e.0 4 Te) smiles idiStant hare sus svalerseities ste eine 3 
PIM SECIS CAT bess teds evauel sues ofalaiis ain aos ou 7 PF ANUES AIStanit sertapeieiele Me rele mers soeacee 3 
PME SMOYSCATIU: Gidce av cssis ce RSet 6 «ease e 13 Tperailes distant ch ow clas Gels ooce wigteleees 2 
PATLCSMCMST ATE nc cystereiisi siete, <) ovale + «eels 26 Pee mailes distanticclsrejsteatelceed ie autarciaiee 2 
miles distant............-+-++-+-+-+- 29 ROUIMINES GISEANE ce). wje-eeie ask eioretalere aie 6 I 
MEMIGH AG USPAMAE sotiiicne: aiicicys als sucks avetere prone 25 PORMIUEST GISEANE Saleialsieisr veda gree wee I 
METULGE RCLISLAPE ovaysieiis) \ oc wie/o: cie-icFe,wlele (nice 21 BOGIES? CISEARES Sctaiciced atcrales hele pte I 
POMESE CIStATIt cher ieters arbvereyera AGA 15 
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There are, of course, good creamery locations away from shipping 
points. A railway map of Minnesota shows considerable territory so 
far removed from railway stations that-it would be expensive to haul 
the cream to them. It would seem much more economical under these 
circumstances to make the cream into butter and haul the butter to the 
nearest shipping point and bring back a load of coal, salt, tubs, or other 
supplies. 

One factor in this problem is drayage costs. Table LX XII shows 
that drayage costs of creameries over 4 miles distant from shipping 
points averaged only $1.32 more per thousand pounds of butter than — 
for creameries located within three blocks of the station. This is only 
a small fraction of what it would cost to haul the cream—that is, if 
each patron hauled his own cream. 


TABLE LXXII 


. Errect oF DIstaNcE FROM RatLway Station on Drayace Costs 
No. of Average Average 
cream- No. of Average drayage 
Distance to railway station ries at pounds dray- cost per 
this of butter age 1000 pounds 
distance made costs of butter 
Bey 
Three blocks or lessx.. J. screens 46 240,371 $165 $0.69 
Three blocks to one mile....... 31 241,729 185 0.76 
Four miles and over...*%...... II 175,193 319 2.00 
All creameries visited...... 88 233,304 191 $0.82 


Many recent developments, however, are greatly changing the situa- 
tion. Farmers can deliver their cream at near-by cross-road points, and 
a motor truck can haul it from there to the nearest shipping-point cream- 
ery frequently at less cost to the farmer than his own longer hauls to 
some inland creamery. More important still, most farmers have auto- 
mobiles and go to town more frequently now than formerly. In fact, 
many of them go so frequently that it is more economical to make 
whatever special trips are required for the cream alone than it is to 
make a special trip every few days to a creamery nearer by. Or even 
if it is not, they may do it anyway regardless of cost, because of the 
convenience or other advantage of getting to town every few days. 

If, however, the creamery is located on a main-traveled road on the 
way to town, farmers will gladly drop off their cans on the way in; 
and on many days they will go no farther than the creamery. But such 
a creamery will get only the cream coming toward town from one di- 
rection, whereas creameries located in town obtain cream from all 
directions. hy 

The result of these changes has been a steady increase in the re- 
ceipts of creameries in towns, and an opposite. tendency for inland 
creameries, with the complete disappearance of many of the latter. \_ 
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Some exception must be taken to this statement for creameries at 
important inland trading points. Over two-thirds of the inland cream- 
eries of Minnesota received less than 100,000 pounds of butterfat, and 
one-eighth of them less than 50,000 pounds. ‘There is, however, one 
which receives over 300,000 pounds, and 5 which receive over 200,000 
pounds. 
Nearly half of the creameries visited in towns were located con- 

veniently in the center of town. Several had found it necessary to 
move from the edge of town to the trading district in order to meet 
the competition of conveniently placed centralizer cream stations. The 
old practice was to locate the creamery at the edge of town so as not 
to pollute the water of the river, creek, or lake right in the heart of 
the city or village. Of 102 creameries visited, 38 used the city or 
village sewage systems, 11 used a river, 21 a creek, 5 a lake, 4 a slough, 
8 a ditch, 7 a septic tank, and ‘4 a cesspool. Thus with a modern 
sewage system, it is possible for a creamery to locate in the heart of 
the city. The creamery on the edge of town was frequently a “shack” ; 
the modern creamery on main street or just off it is a brick structure 
as good as other structures in the same location, or better. 
4 This makes it very clear that the location of a new creamery must 
_ be carefully considered. The future competition between motor truck 
_and railway has a bearing upon it. It would be extremely hazardous 
at the present time to erect a modern brick or tile creamery anywhere 
except at a shipping point. The tendency toward larger output is part 
of the same problem. 
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CONCLUSION 


The final test of efficiency of a creamery is the price that it pays 
for the butterfat in a given grade of cream. This depends upon three 
things—the price received for butter, the cost of manufacturing and 
preparation for market, and the percentage of overrun. A fourth factor, 
transportation and central marketing costs, is omitted in the present 
| analysis. The three considered rank in importance about as follows: 
butter prices, 13; creamery costs, 8; overruns, 3. 

The variations in prices received for butter are probably about one 
fourth due to differences in plant and equipment, operators and their’ 
_ helpers, and other matters of organization and management. The dif- 
_ ferences in creamery costs are also due to differences in the organiza- 

tion and management. It has been the purpose of this bulletin to 
analyze the variations in prices paid for butterfat in so far as they are 
lue to organization, and to some extent management, especially the 
economic aspects of organization and management. 
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The results of this analysis show the major factors responsible for 
these variations and indicate their relative importance wherever possible. 
Some of these factors are subject to immediate control, others to control 
much more slowly, others to control only when a new plant is built, 
or in many cases, only when the creamery service for the whole sur- 
rounding territory is reorganized along more economical lines. Op- 
erators and managers, boards of directors, and prospective establishers 
of creameries can expect to make use only at this rate of the data in 
this bulletin in controlling the various factors affecting their costs and 
quality of product. 

This analysis is very far from being final. Scarcely a figure in it 
‘would not be somewhat different if another 88 creameries had been 
selected. It is not probable, however, that the important frequency 
distributions and ranges would be greatly changed, or any of the major 
conclusions. 

The authors wish again to caution the readers against placing too 
much reliance upon the accuracy of particular data. The data were 
obtained by the survey method, and altho they have beeh rather care- 
fully analyzed and tested, are sure to be biased in certain respects. 
Particular attention is again called to three major sources of error, as 
follows : 

1. Charging all the work done by one employee at the same rate 
for all processes. Thus the manager’s time is charged at the same rate 
whether he was receiving, testing, keeping records, or actually managing. 

2. Allocating power costs on the basis of rated horsepower. This 
affects the accuracy of the process distribution, and also of the analysis 
of the factors affecting power costs. Undoubtedly, also, too much de- 
pendence was placed upon the data in Bulletin 747 of the United States 
Department of Agriculture in making the power analysis. 

3. Basing interest charges upon depreciated cost of reproduction in 
place of upon one half of cost of reproduction. The effect of this 
upon absolute cost as such is of minor consequence—it is the effect 
upon the analysis of factors determining cost that is the serious 
consideration. 

It should be possible to make later studies on surer lines, now that 
the preliminary experimentation is done. After all, as was pointed 
out in the beginning, this bulletin is as much a study of methods of 
analysis as it is of creamery organization. 

Later studies will need especially to consider a large number of 
details, examples of which are the following: ice machines vs. storing 
or buying ice; steam vs. electric power; whether to have storage for 
supplies on the first floor or in the attic; the relation of churn cost to 
size of churns, frequency of churnings, etc.; the economies of handling » 
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certain types of sidelines. Especially does the whole power analysis 
need to be studied more closely. Properly to analyze problems of this 
| nature will usually require more accurate data than can be obtained by 
_ survey methods. Studies of the type of this should, therefore, be 
_ supplemented by additional studies of other types. One type of study 
_ should include the taking of careful records for a year of about 
fifty creameries. Another should include a large proportion of the 
q creameries of the state on only one problem at a time, such, perhaps, 
as the sideline problem, or the churn-cost problem, 
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EFFECTIVENESS OF CALCIUM CYANIDE IN POISONING 
THE POCKET GOPHER, Geomys bursarius (Shaw) 


By F. L. WasHBuRN AND CLARENCE E, Micke 


During the last four or five years, calcium cyanide has come to be 
widely recommended for use in rodent control. It seems to have been 
used first in the extermination of the ground squirrel, Citellus tridecem- 
lineatus (Mitchill) ; later it was reported to be effective in eradicating 
the black tail prairie dog, Cynomys ludovicianus (Ord), and it has been 
recommended for various species of pocket gophers. The material is 
sold in the form of flakes known as “calcium cyanide flakes,” and also 
as a fine dust of various grades. Calcium cyanide flakes and calcium 
cyanide “A” dust have been especially recommended for use in killing 
pocket gophers. When this form of cyanide comes in contact with 
moist air or moist earth it decomposes, the products formed being 
hydrocyanic acid gas and hydrated lime. Hydrocyanic acid gas is, of 
course, highly poisonous, and when confined in the runway of a pocket 
gopher should produce conditions within a limited area in which no 
aanimal life can exist. If the calcium cyanide can be applied in such a 
way that the pocket gopher can be attracted into this area while the gas 
is at a killing concentration, it might be expected to be very effective. 

Sanders (1921) reported successful experiments with this material 
in destroying a “gopher” Citellus tridecemlineatus (Mitchill), in Can- 
ada, altho in his account he makes the reservation that “though it may 
not compete economically with poisoned grain for spring use against 
the gopher, it should be a valuable adjunct for summer control.” In 
laboratory experiments he found that five seconds exposure to the gas 
generated by calcium cyanide flakes was sufficient to cause death. 

Washburn (1923), in reporting on tests with calcium cyanide in 
poisoning pocket gophers, states that “it appears to be very effective in 
loam and clay soil, but not in sandy soil.” 

Wade (1924) gives an account_of successful experiments with 
calcium cyanide in exterminating the black tail prairie dog in Kansas, 
and in the same paper gives results of preliminary experiments made 
by Hisaw with the same material in poisoning pocket gophers. Wade 
concludes with the statement, “Preliminary experiments indicate that 
calcium cyanide may also be used for the destruction of pocket gophers.” 
In the experiments reported by Wade, calcium cyanide was introduced 
into the main runway of the pocket gopher through openings made with 
a trowel, and these openings were closed after the poison had been put 
in the burrow. This is known as the “Kansas method.” 
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Vaughan (1924) recommends calcium cyanide as the “outstanding 
remedy” for salamanders, Geomys floridanus floridanus (Audubon and 
Bachman), a species of pocket gopher inhabiting the southeastern 
states, altho no experimental data are cited as a basis for making such 
a recommendation. Vaughan advises that the new mounds of the 
pocket gophers be opened early in the morning by scraping away the 
fresh soil that has been heaped up. This will usually expose the lateral 
still open. The calcium cyanide is introduced into the open lateral and 
the opening is not closed. This method is known as the “Florida 
method.” 

Both Washburn (1923) and Wade (1924) indicated the need for 
more complete evidence upon which to base recommendations of cal- 
cium cyanide for use in eradicating pocket gophers, and it was with this 
in view that the authors undertook further investigations in 1924. 


PRELIMINARY EXPERIMENTS 


The purpose of the first two experiments, as they were first planned, 
was to compare the effectiveness of calcium cyanide in killing pocket 
gophers in sandy soil and in clay soil. While it was possible to make 
this comparison from the data secured, it soon developed that methods 
must be devised by which positive evidence could be secured that the 
pocket gopher was either dead or alive after the treatment. Thus, a 
secondary purpose of the experiments developed, that of devising means 
of testing the calcium cyanide so that data of this nature could be 
obtained. : 

Considerable care was used to provide the most favorable conditions 
for the action of the calcium cyanide. It is hardly to be expected that 
such conditions will obtain in the ordinary use of the material. . 


EXPERIMENT NO. 1 


Three fields were selected for Experiment No. 1, two of light sandy 
soil, and one of heavy clay soil. One of the sandy fields was practically 
barren of vegetation, while the other was for the most part covered 
with sod. The clay field was cropped with a fair stand of alfalfa. 
The soil was moist. Pocket gophers were numerous in all three fields. 

The poison was applied to the runways as follows: The main run- — 
ways were located with a wire probe. A broomstick, sharpened at one — 
end, was then used to make a hole into the runway; two ounces of 
calcium cyanide flakes were dropped through this hole into the main 
runway, and finally the hole was closed. The poison was put in the | 


main runway and very near to fresh mounds that~had been thrown up _ 


within ten hours. 
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After the runways had been treated with calcium cyanide, all the 
mounds were leveled, so that further activities of the pocket gophers, 
if any, could at once be located. The mounds and runways in half of 
each field were treated on May 13, those in the remaining half of each 
field were not treated. 


Field in Ramsey County Infested with Pocket Gophers 


The method used in this experiment is based on the assumptions : 
(1) that pocket gophers are active in the immediate area where they 
throw up new mounds; (2) that if a charge of calcium cyanide is intro- 
duced into the main burrow, with the least possible molestation of it, 
_and the opening closed through which the charge is introduced, it will 
generate enough hydrocyanic acid gas to create a toxic atmosphere in 
the burrow in the immediate vicinity of the charge, and that when the 
pocket gopher in the course of his activities enters this area, he will 
be killed. a 

The effectiveness of the calcium cyanide was determined by tHe 
number of new mounds in the treated part of the field, and by com- 
paring these with the number of new mounds in the untreated half. 
It was further checked by digging up the runways where no new 
mounds appeared and searching for the dead gopher. Several such 
runways were dug up for a distance of 20 feet on each side of the 
charge. No dead animals were found in the sandy fields, while two 


6 TECHNICAL BULLETEN. 27 


were found in the clay field, both within a few inches of the charge. 

The fields were examined for new mounds 24 hours after applying 
the calcium cyanide, and again after 72 hours. Table I indicates the 
results of these observations. 


TABLE I 
Runways New mounds in New mounds in 
Runways incheck, treated area after check after Dead 
Field 7 treated mounds - = — animals 
leveled 24hrs. 72hrs. 24hrs. _ 72 hrs. found 
Satidiy gNot Migs moen: «ash. 8 6 oO ° ° ° 
Sandie NOs 2 seers aoe a 4 is) oO I 3 ° 
Chay interes ee ie mierereret 15 14 a 2 2 
DISCUSSION 


While no final conclusions with regard to the general effectiveness 
of calcium cyanide can be drawn from so little evidence, it is quite ap- 
parent that there was no striking difference between the results obtained 
on clay soil and on sandy soil. Certain other facts may be pointed out, 
however, which have a bearing on methods to be used in future 
experiments. : 

No new mounds appeared in the treated portions of the two sandy 
fields after the application of the calcium cyanide. This might be 
interpreted to mean that the poison was 100 per cent effective. It will 
be noticed, however, that no new mounds appeared in the untreated 
part of. the same fields during the same period of observation, a fact 
which throws considerable doubt on such a conclusion. When several 
of the treated runways in these fields were dug up, no dead pocket 
gophers were found, a fact which is not conclusive as to the ineffective- 
ness of the material, but which casts some doubt on its effectiveness. 
In the clay field, more new mounds actually appeared in the treated 
part than in the untreated part, altho two dead pocket gophers were 
found in the former. 

There is little question that 1f new mounds appear in close proximity ° 
to a treated runway from 24 to 72 hours after treatment, it may confi- 
dently be assumed that the occupant of the burrow has not been killed, 
but if no new mounds appear near a treated runway in this time, it can 
not be assumed that the occupant of the runway has been killed; for, 
as stated above, new mounds did not appear in either the treated or the 
“untreated portions of the fields; and in the clay field more new mounds 
appeared in the treated than in the untreated portion. 

As the writers wished to prove positively: that the pocket gopher 
was either dead or alive, after a treatment of the runway with calcium 
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cyanide, it was decided to abandon the check areas in the second experi- 
ment, and to dig up the runways more extensively in an effort to locate 


the dead animal. 
EXPERIMENT NO. 2 


The second experiment was made on June 2, in the same fields used 
in the previous one. The two sandy fields, however, were considered as 
one field. No check areas were kept. The calcium cyanide flakes were 
applied in the same way as before, except that the broomstick holes 

through which the charge was introduced were left open. In the first 
experiment only one charge was introduced into.a single runway, but in 
this case, where two or three fresh mounds were found in close prox- 
imity, all connecting with the same runway, a charge was introduced 
near each of these new mounds, so that some runways received one 
charge, some two charges, and some three. The fields were examined 
on June 6, after 96 hours. Table II indicates the results of this 


experiment. 


TABLE II 
Runways Runways 
Runways with with new showing no Dead 
Field Runways mounds activity pocket 
treated 1charge 2charges 3 charges after after gophers 
: 96 hours 96 hours found 
Sandy, \ aecres: 1 4 5 3 2 10 r 
Clay isin t-c< © 10 4 4 2 5 5 ° 
DISCUSSION 


The runways in which no new mounds had appeared were examined 
for a distance of 4 or 5 feet each side of the place where the charge 
was introduced, in several cases for 10 and 15 feet, and in one case for 
45 feet, in order to locate, if possible, a dead pocket gopher. As indicated 
in the table, only one was found. It was within 5 or 6 inches of the 
charge of calcium cyanide. 

Altho to runways in the sandy field and 5 in the clay field showed 
no further activity of the pocket gophers after 96 hours, only one dead 
gopher could be located. This can not be considered as conclusive evi- 
dence that all the occupants of the remaining runways were alive, but 
on the other hand there is no real evidence that they were killed. While’ 
_. it is possible that the poison gas may have killed more gophers in these 

_. two experiments than the data show, there is no positive evidence. 
| From the data given it will be seen that the effectiveness of the 
calcium cyanide was not increased by increasing the number of charges 
per runway, or by leaving open the holes through which the charge 


was applied. 
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Where the holes were plugged, the pocket gopher was evidently 
able to enter the zone where the calcium cyanide might be expected to 
kill, to plug up the hole, and to get away without any injurious: ef- 


fects, for in the examination of such runways no dead animals could 


be found. 
In this experiment as in the first, calcium cyanide was no more effec- 
tive in clay soil than in sandy soil. 


FINAL EXPERIMENTS 
In the final three experiments the number of runways in each was 
greatly increased. The material was applied according to the “Florida 
method” and the “Kansas mthod,” and additional observations were 
made to determine whether the occupant of each burrow was dead or 


alive after the treatment. The experiments were made in a pasture of 


120 acres near New Brighton, Minn., which was badly infested with 


pocket gophers. The soil was for the most part a sandy loam, but in- | 


cluded small areas of clay. Applications of calcium cyanide were made 
on both types of soil. 
EXPERIMENT NO. 3 


Calcium cyanide flakes were applied according to the “Florida 
method,” as recommended by Vaughan (1924). Very fresh mounds 
were scraped away, exposing the opening of the lateral, and 2 ounces 
of the poison were introduced into the burrow, usually at the junction of 
the lateral and the main runway, but in a few cases where the lateral 
~ was so long that the main runway could not be reached, the material 
was placed in the lateral. The opening of the lateral was not closed. 


The mounds selected were always at a considerable distance from each 


other, so that there was reasonable assurance that the same runway was 
not treated twice. The application was made on June 24 and the run- 
ways were all examined on June 25, 24 hours later. The soil was moist. 

If a pocket gopher runway is opened, the animal will usually close it. 
In order to verify this and to compare this reaction of the pocket 
gophers in untreated runways with those in treated runways, approxi- 
mately half of the runways were opened, but were not given a charge 
of calcium cyanide. The results of this experiment are: 


Runways opened; but not treatedi.c 2. < sc. ines 1 32 
Runwayssopened sand treated ess -ys eros -inarstcte = siete ce ctslees eee 34 
Untreated runways closed by gopher after 24 hours...............-. 30 
Untreated runways still open after 24 hours..............aceeesvsces 2% 
Treated runways closed by gopher after 24 hours................ pauls 
Treated runways still ‘open_aiter 24 -hours./5.... 2.2... eee 9 
Dead pocket gophers found...... Sie eeuey Nels gare ieee aes eee 2 eae 2 
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DISCUSSION 


__ were closed within 24 hours. This appears to be an almost universal 
reaction among these animals, and can be used to determine whether 
the animal occupying the burrow is alive. 

Of.the treated runways, 25 had been closed after 24 hours, indicat- 
ing that the occupant had not been injured by the calcium cyanide. All 
these runways were opened and examined but no dead animals were 
found. : 

The’ 9 treated runways that remained open were examined for a 
short distance each side of the charge. Only 2 dead animals were 
found; one of these was within 2 inches of the charge, and the other 
about 2 feet away. 

Several of the closed runways had been plugged in the main runway 
back of the charge of calcium cyanide, indicating that sometimes, at 
least, the pocket gopher plugs the main runway between himself and 
the charge of cyanide. Such runways appeared superficially to have 
remained open, and the plugging of the main runway was not discovered 
until a search for the dead gopher was made. 

Calcium cyanide showed no greater effectiveness in this experiment 
than in the two previous ones. 


It will be noticed that the openings of all untreated runways except 2 


i: 


EXPERIMENT NO. 4 


The material was applied to the runways in exactly the same way, 
according to the “Florida method,” as in the third experiment. It was 
realized, however, that there was a possibility that the pocket gopher 
might close the opening and yet be so affected by the gas generated from 
the calcium cyanide as to die in some other part of the burrow. If this 
happened it might account for the fact that only a very few dead pocket 
_ gophers were recovered after the treatments. In order to eliminate 
this source of possible error, all runways were treated and left open on 
July 10. Or July 11, after 24 hours, all 'the burrows that had been 
closed were opened and left for another 24 hours. On July 12, they 
were examined a second time. The soil was moist. Two ounces of 
calcium cyanide flakes was used in each runway. The results of this’ 
experiment are summarized as follows: 


LE TLASSUERES GES ETI GNSS ote Saige ee a 86 


Runways still open after 24 hours................ Bae slege Senet te tor 18 
cin yn SEC LOnCte ache OA UNOUES aires c cdils oeleataa wc 4 os weeded sev sce ves 68 
Runwaysrexaniinied: atten AS HOUPS: 22.00. ce cvascrctccdssceeastecs 78 
nines Sti OPE ATTOr AS NOUNS ace c sc. lin cc eden esd eseetteceeecns 8 


PMc SC lOSeC age IAD TOUT SUMt rin afc-s1els dca,0idiele-ae coy vio wee wa wlapee wee 70 


? 
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Runways closed twice by the pocket gopher.........../).....0...0-s6 58 

Runways open after 24 hours, closed after 48 hours.......... Toe ee 12 

Dead ‘pocket gophers: foutid.s <2. 5 225 cc ote oie sine «coco eee ee 3 
DISCUSSION 


The most significant fact in the results is that 58, or 67 per cent, of 
the original 86 runways were closed twice by the pocket gophers after 
they had been treated with calcium cyanide, indisputable evidence that 
the pocket gopher was alive 48 hours after the application. 

Twelve runways were closed after 48 hours that were not closed at 
the end of 24 hours, indicating that the occupants of these burrows 
were alive. 

Eight runways were abandoned and not considered in the final ex- 
amination after 48 hours, because cattle in the field had stepped on and 
caved in the main runway near the opening, making accurate observa- 
tions impossible. 

Only 8 runways still remained open after 48 hours. 

Only 3 dead pocket gophers were found, and these were within a 
few inches of the charge of calcium cyanide. 

There was further evidence in this experiment that the pocket 
gopher often plugs the main runway between the charge of calcium 
cyanide and himself, leaving the lateral open, which might lead one to 
infer that the animal had been killed. 

Calcium cyanide was no more effective in killing pocket gophers in 
this experiment than it had been in previous ones, and effectiveness was 
not increased by using the “Florida method.” The data of this experi- 
ment show that not more than 33 per cent could possibly have been 
killed, as it is certain that 67 per cent were alive 48 hours after treat- 
ment. The fact that 70 runways had been closed by the pocket gophers 
48 hours after the application of the poison leads to’the conclusion that 
19 per cent may possibly have been killed. There is no positive evidence 
that more than 3% per cent were killed. 


EXPERIMENT NO. 5 


Experiment No. 5 was conducted according to the “Kansas method.” 
The laterals of the runways were opened, a charge of 2 ounces of cal- 
cium cyanide was introduced at or near the junction of the main run- 
way and the lateral, and the opening was completely closed. This was 
done on September 18. On September 20 the coverings of all the open- 
ings were removed and the runways examined. All the closed runways 
were opened and a further examination was made on September 21. 
A majority of the runways were treated with 2 ounces of calcium 


\ 
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_eyanide flakes, while part of them were treated with 2 ounces of cal- 
cium cyanide “A” dust. The soil was moist. The results of this 


experiment are given in Table III. 


TABLE III 
Runways Runways Runways Runways Dead 
Material Runways closed included closed at still open pocket 
used treated at first in second at second at second gophers 
J examination examination examination examination found 
~ Calcium 
cyanide 
Hakésiesis525 64 9 57 A4 re 2 
Calcium 
cyanide 
“A” dust... 25 2 25 18 Hi 3 
DISCUSSION 


The “Kansas method” of applying calcium cyanide, used in this 
experiment, gave no better results than the “Florida method,” used in 
the two previous experiments, and practically no better results than 
were obtained in the preliminary experiments. Of the 64 runways 
treated, 44, or 68 per cent, were closed by the pocket gophers on the 


'second and third days after treatment with calcium cyanide flakes. 


Where the “A” dust was used, 72 per cent were closed on the second 


and third days. The highest percentage of pocket gophers that could 


possibly have been killed where the flakes were used is only 32 per cent, 
and where the “A” dust was used, only 28 per cent; and judging from 
‘the number of dead animals recovered, the cyanide did not kill more 


_ than 15 per cent. 


The “A” dust was no more effective than the flakes, as can be seen 


from Table III. 


INCIDENTAL RESULTS OF THE EXPERIMENTS 


In several instances true spotted salamanders, Amblystoma 
punctatum (L.), were found dead near the charge of calcium cyanide 
in the pocket gopher runway. ater 

In the fifth experiment a dead pocket gopher was recovered from a 
burrow on September 20, when the runways were opened and examined. 


‘This runway was left open and examined again on September 22, when 


it was found to be closed, indicating that it may have harbored two 
“animals. 

In the same experiment a dead pocket gopher was taken from an- 
\ other runway on September 20. The runway was left open and exam- 
ined again on September 22, when a second was found. Either two 


; gophers occasionally occupy the same burrow; or possibly, in these two 
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cases, a second may have attempted to appropriate the empty runway, 
being successful in the first case, and failing in the second case. 

In still another instance a dead. striped ground squirrel, Citellus — 
tridecemlineatus (Mitchill), was found in the soft earth with which | 
the pocket gopher had closed the opening of the lateral. It may be that | 
the ground squirrel entered the open burrow, was killed by the poison 
gas, and was later pushed out by the pocket gopher when it closed the 


opening. 
COST OF APPLYING CALCIUM CYANIDE 


The cost of applying calcium cyanide, based on a price of 18 cents | 
a pound and the use of 2 ounces of the material at each runway, is 2% 
cents per runway. When the effectiveness of any material-used for 
poisoning pocket gophers falls below too per cent the cost is correspond- } 
ingly increased. | 

The cost of applying vegetable poison baits, using the poison } 
formula ‘4 ounce strychnia alkaloid, 4% ounce baking soda, and 1/80 | 
ounce saccharine,” using 2 poison baits to each runway, is approximately | 
Y% of a cent per runway. Vegetable poison baits have been found very } 
effective in destroying pocket gophers by the U. S. Biological Survey, | 
various experiment stations, and in practical work in the field. 

It will readily be seen that the cost of using calcium cyanide for } 
poisoning pocket gophers is something more than ten times as great as) 
that of vegetable poison baits. This is a matter of considerable impor- | 
tance where a large number of runways are to be treated, as is etn 
the case. 

SUMMARY 


1. Experiments were made with calcium cyanide to determine its” 
effectiveness in the eradication of the pocket gopher, Geomys bursarius— 
(Shaw). The calcium cyanide was applied according to methods de- || 
vised by the authors, the “Florida method,” and the “Kansas method.” | 

| 


Its effectiveness on clay soil and on sandy soil was compared. The 
“flake” form of the material was compared with the “dust” form. Two 
ounces of the flakes were used in each runway in all experiments except 
the last, when 25 runways were treated with 2 ounces of “A” dust. }} 
Efforts were made to determine positively whether the pocket gopher jf 
was killed when the poison was introduced into the runway. 

2. It was discovered that when no new mounds appeared near 
runway which had been treated with calcium cyanide, it did not prove }} 
that the material had been effective in killing the animal, and that such 
a condition is not a safe criterion of the effectiveness of the poison. 
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: 3. It was also found that if the opening was not closed within 
48 hours after a runway was treated with calcium cyanide and the 
_ lateral left open, it could not always be interpreted as meaning that the 
_ material was effective in killing the animal. 

4. The pocket gopher often plugs the main runway with earth, 

between himself and the charge of cyanide, leaving the lateral un- 
' molested. The plug in the main runway is not apparent and this condi- 
tion might be classed as effective for the cyanide if the main runway is 
not examined and the true condition revealed. 

5. Two positive checks were obtained on the effeciiveness of 
calcium cyanide. Whether the pocket gophers are affected by the poison 
can be determined by applying the cyanide to the runway, leaving the 
lateral open, observing whether the lateral is closed after 24 hours, if so, 

reopening it, and observing if it is closed a second time after another 

24 hours. If the lateral is closed twice after the application of the 
cyanide, it is conclusive evidence that the pocket gopher was not injured. 
If the lateral is closed only once it is fair, but not conclusive, evidence 
that the animal was not injured. If the lateral remains open for 48 
hours and it can be determined that the main runway has not been 
plugged, it is fair but not conclusive eviderice that the pocket gopher 
was killed. 

6. Calcium cyanide showed no greater effectiveness on clay soil 
than on sandy soil. In two experiments, the effectiveness of the ma- 
terial was exceedingly poor on both types of soil. 

7. No difference could be observed between the effectiveness of 
calcium cyanide flakes and “A” dust. In the experiment in which the 
two materials were compared, both showed little effect. 

8. Several methods of applying calcium cyanide to the runway 
were used, no method having any advantage over the others. The 
calcium cyanide gave consistently poor results in all methods tried. The 
“Florida method” seems to offer the best opportunity for determining 
the effectiveness of the material. 

9g. In addition to its low percentage of effectiveness, calcium 
cyanide is much more expensive than the poison baits in general use. 
Leaving effectiveness out of consideration, the cost of using calcium 
cyanide in killing pocket gophers, at the rate of 2 ounces per runway, » 
is about ten times that of poison vegetable baits. 
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: ECONOMIC ASPECTS OF LOCAL POTATO WAREHOUSE 
ORGANIZATION 


By Joun D. Brack, Bupp A. Hott, anp Georce M. PETERSON 


This bulletin deals especially with the problems of organization of 
local potato warehouse units as distinguished from the problems of 
operating and managing such units after they are set up. Of the three 
phases of organization, namely, economic organization, financial organ- 
| ization, and business organization, this bulletin considers the first. 
| Problems of management and financial and business organization the 

readers will find discussed, especially from a co-operative point of view, 
in Minnesota Bulletin No. 195, “Local Co-operative Potato Marketing 
_ in Minnesota.” The conclusions and data should be of use in planning 
_ new warehouses and reorganizing present ones upon more efficient lines. 


SCURCES OREDATA 


The data used in this bulletin were obtained entirely from a survey 
made in co-operation with the United States Department of Agriculture 
in the winter of 1922-23 for the year 1921. The data obtained, how- 
| ever, were far from being adequate for a full and accurate analysis 
| of the problem. 

_ The survey included 71 warehouses, classified as follows: line, 33; 
| co-operative, 26; independent, 12.1 These three types will be referred 
- to hereafter in this.bulletin as “line houses,” “co-operatives” and “‘inde- 
_ pendents.” The 33 line houses were owned and operated by three dif- 
ferent wholesalers. Three warehouses operated by one company were 
a with the independents because their organization closely re- 
-sembled that of the independents. Figure 1 shows that the survey 
:. represents a well-distributed sample of the commercial potato acreage 
| of the state. © 
ie - _ METHODS OF ANALYSIS 


The data for each of the seventy-one warehouses were put through 
"a separate set of cost accounts, this resulting in a set of Labor, Building 
| and Site, Equipment, Office and Management, and Other Direct Costs 
| per warehouse and per hundredweight of potatoes handled. These 


1 Five other warehouses were visited, but only part of the data needed were obtained 
from them. 
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really significant. Unfortunately, as already explained, the data ob- || 
tained were not sufficiently complete to make possible a very full 
analysis. The causes could be discovered in most cases, but their rel- 
ative effects could not be accurately measured. 


"WAREHOUSES INCLUDED , 
IN SURVEY 


@-COOPERATIVE 
(O-LINE 

X- INDEPENDENT 
*-10 CARS SHIPPED 
1922 CROP 


Fig. 1. Distribution of Minnesota Potato Acreage, 1922, and of Warehouses 


Included in the Survey 
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ORGANIZATION OF THE POTATO MARKET 


‘The problems of organization of local potato warehouses are con- 
' siderably affected by the organization of the potato-marketing process 
as a whole. 
Minnesota potato production really is of two sorts, an early crop 
' which begins coming into the market about the middle of July, and 
| the regular main crop marketed from October to June. The early crop 
is produced just north and east of the Twin Cities, and is marketed in 
a manner somewhat different from the late crop. Part of the early crop 
is harvested before thoroly mature, and is trucked to the Twin 
| Cities for immediate consumption ; but a considerable quantity is loaded 
directly into cars and shipped to markets outside the state. The early 
crop is usually sorted by hand—machinery bruises immature potatoes 
considerably. The primary considerations for the early stock are to 
| keep it moving, to prevent heating, and to reach market as early as 
| possible. 

The greater proportion of Minnesota potatoes, however, is of late 
varieties produced for winter table stock, or as in the case of the Red 
River Valley Early Ohio, early varieties which are harvested late 
“to be used for southern seed stock. Marketing methods for late table 


, 
| stock and early seed stock are very similar. Potatoes for late winter 


-and spring consumption or for seed must be carefully stored. 
‘If stored long they must be carefully sorted to remove the diseased 
| or frosted tubers. No data are available as to the proportion of pota- 
| toes stored on farms, in local warehouses, and in the central market, 
! but the local warehouses are the major factor. 
Storing in the local warehouses has several advantages over storing 
on farms or in the terminal markets: (1) Proper storage requires 
| protection from frost and heat, and also adequate ventilation; and few 
| farmers have adequate facilities for these. (2) Potatoes stated on 
farms cannot be delivered in cold weather. Farm storage also assumes 
| that farmers are willing to take the risk of price fluctuations and are 
| financially able to do so. 
_ While a certain amount of storing is necessary in terminal markets, 
the local warehouse has more advantages. (1) Some kind of ware- 
house must be provided in the local market to receive, grade, and store 
“temporarily preparatory to shipment ; and the additional cost of adding 
la basement to this warehouse is relatively small. (2) .The decayed 
potatoes that develop in storage do not have to be transported when’ 


potatoes are stored locally. (3) Potatoes can be shipped directly 


‘a nd reconsignment expense. (4) Potatoes are often stored in bulk 
in local warehouses, and sorted and sacked only when they are to be 
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shipped to consuming centers; whereas if they are stored in the central 
market, they are usually sacked in the local market, then dumped and 
resacked in the central market. 

In the late-potato areas there may be from I to 15 warehouses at a 
shipping point. In addition to the line houses, co-operatives, and inde- 
pendents, large producers may have private houses. 

In 1920 there were 136 co-operative warehouses in Minnesota, each 
owned by a local warehouse association. These associations sell their 
products in various ways. Some make connections with farmers’ clubs, 
or consumers or stores in the South, or with other large direct buyers, 
and sell their crop direct. Others sell what they can on track to travel- 
ing buyers, and dispose of the balance to large dealers or through the 
regular brokerage channels. Some operate on joint account with a 
central wholesaler, or buy on commission for a dealer. In 1920 an 
attempt was made to federate these associations into one large co-op- 
erative sales agency—the Minnesota Potato Exchange. ‘This organ- — 
ization failed after three years, but has been succeeded by a new 
organization, the Minnesota Potato Growers Exchange, now in its 
first year of operation. The new organization is of the non-stock cen- — 
tralized type. It has contracts with about 13,000 growers covering © 
approximately 160,000 acres of potatoes and is operated on a seasonal 
pooling plan, and at present is selling through a national brokerage — 
concern. Its volume of business for the first year will reach about — 
10,000 cars. ; , 

The independent buyers are usually of the sole-proprietorship type — 
and operate in the town in which they live, altho occasionally an inde-_ 
pendent dealer may own and operate warehouses in two or three towns © 
close together. The method of operation is quite similar to that of — 
the co-operatives. As a rule, independent buyers are better informed 4) 
in the matter of selling than the managers of co-operatives—their very 
existence depends upon the margins obtained. This is shown by the 
fact that they sell a greater proportion of their product direct to jobbers” 
and large retail buyers than do the co-operatives. i 

The large central market wholesalers or line-house organizations t 
have been in the past the most important agencies in the marketing 
of Minnesota potatoes. Their central offices are in Minneapolis and | 
St. Paul, and they own or rent a line of country warehouses. Their | 
chief business function is to buy potatoes in the country and ship them — 
in carlots to a consuming center. They use their warehouses in the 
Twin Cities mostly for reconditioning, but to a limited extent for ~ 
storing for local consumption. Their volumes of business range from 
less than 500 to 2500 cars annually. They all purchase potatoes in car— 
lots from other local shippers, as well as handle the purchases made 
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through their own warehouses. Some do a limited jobbing business 
| in the Twin Cities, but the largest ones confine their efforts to outside 
| shipments. Their sales are for the most part made through outside 
brokers or to special customers. The line houses have a decided ad- 
vantage over the co-operatives and independents in the matter of selling. 
With a large volume of business under one general management, they 
are able to advertise their product, make special connections in the con- 
' suming centers, and thus sell to better advantage. Many of them have 
a large list of special customers upon whom they can depend for an 
outlet. They are also better acquainted with the trade, and are less 
likely to suffer losses from dealing with unreliable buyers. From their 
central offices in the Twin Cities, they are able to inspect all cars en 
route to consuming centers, and thus dispose of the various grades to 
the best advantage. 


MEASURES OF SUCCESS 


The principal measure of success of a potato warehouse is the price 
| it is able to pay to the grower. To be sure, the owners of proprietory 
=} warehouses of the line or independent type are interested more in their 
| margins than in the prices they pay the growers; but this is mostly only 
in the first instance, for unless they pay the growers reasonably well, 
_ they will not continue to receive their potatoes. 
| a The price a warehouse is able to pay the growers depends upon the 
3 cost per hundredweight for handling potatoes and the amount and qual- 

ie ity of service rendered. It is possible for most marketing agencies 
| _ greatly to reduce their costs per unit by lowering the quality of their 
if service, but it seldom pays to do this. Two cents per hundredweight 
saved by a local warehouse by hasty sorting and grading, careless load- 
‘ing, or reckless selling, might cost the warehouse or the growers five 
times that amount in prices. This bulletin is almost entirely a study 
of costs, quality of service being largely omitted, not because unim- 
_ portant but because it is difficult to measure—in fact, is ordinarily im- 
i. gee to measure it by the crude methods of survey. 
Another measure of success of a local potato warehouse is the 
convenience of the service it offers to growers in the matter of unload- 
"ing potatoes, handling the crop as fast as delivered, and providing 
“storage if desired. It will be noted later that warehouses differ greatly 
"in these respects and costs accordingly. No doubt much of this extra 
_ convenience and service is well worth its extra cost; but perhaps some 
: | of it is ae é: 


— i 
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sorting methods, and the like. A warehouse organization that under- 
takes such a program may earn a cerit or two per hundredweight in 
extra costs several times over. 


CLASSIFICATION OF COSTS 


Table I shows the classification of costs used in this analysis. It 
should be noted that commissions paid to brokers and exchanges, 
inspection fees, messenger service, demurrage charges, and other central 
market and transportation charges are not included, as they are not 
costs of a local warehouse. A further reason for not including these 
costs is that the records of most of the warehouses were very incom- 
plete for such costs. For example, the account sales returned by the 
old Minnesota Potato Exchange did not itemize deductions in such a 
way as to show these various costs separately from deductions for other | 
reasons. It is recognized, of course, that some warehouses did more — 
direct and on-track selling than others and that for this reason, omit- 
ting central market commissions and the like, puts them on an equal 
basis ; but as much allowance for this as possible will be made in the 
proper place in the analysis. ‘ 

The largest item in costs is Other Direct Costs, representing 28.8 — 
per cent of the total. This consists, however, almost entirely of sacks, 
tags, and twine. Office and Management represents 26.7 per cent, and 
Labor, 24.7 per cent. | 

Further discussion of what is included under each of the five ele- — 
mentary costs will be found under these heads later in the bulletin. _ 

The costs given have to do with potatoes only. Only four of the 
warehouses handled sidelines, and it was =e heuey se to omit all side- 
line costs. 

The proportions which the various costs are of the total are given 
separately for each of the three types of warehouses. These propor- 
tions vary greatly, the reasons for which will be discussed later. 5 

In the lower half of the table, elementary costs are represented as — 
distributed to seven process costs, and two other items: sacks, tags, — 
and twine; and miscellaneous. This distribution to processes is upon ; 
an arbitrary basis for the most part, and hence is not at all accurate; — 
however, it gives a rough general i impression of the ae importance 
of the different processes. 3 


BUILDING AND SITE | 

Building and site cost, according to Table I, represents 13.1 per cent — 

of the total local costs of potato warehouses, as compared with 24.7 — 
per cent for labor, and 6.7 per cent for equipment. As will appear — 
later, the range in this cost is very great, therefore it is worth while to 
analyze the variations very carefully. 
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. 
As between building cost and site cost, the latter represents only 


{| 2.1 per cent of the two combined. Hence no further attention will be 
~ given to it. 

} The elements in building and site cost for the 59 warehouses which 
| were owned by those operating them are indicated in Table II. Interest 
\ is the largest item, and depreciation next. Combined, these two repre- 
sent more than two thirds of the total. These various elements of cost 
were determined as follows: : . 


aa TABLE I 
ee 
* CLassIFICATION OF Potato WAREHOUSE Costs By TyPES oF WAREHOUSES 
¥ Line Co-operative Independent All 
(33) (26) (12) (71) 
5 Cost Per Pericent Per Per cent Per Percent Per Per cent 
ware- of ware- of ware- of ware- of 
house total house total house total house total 


| Elementary costs 

EABOR ec TereS siete cx $696 19.2 $1512 27.0 $1940 29.5 $1205 24.7 
Building and site.. 425 Tr57, 870 15.6 725 11.0 638 T3kr 
» Equipment ....... 209 5.8 441 Rie <0) 2.412 6.3 328 6.7 
_ Office and manage- 

| CERES ee ee 1554 42.9 966 16.2 1333 20.3 1300 26.6 
Other direct costs.. 762 20.4 1860 33-3 2207 32.9 1409 28.9 


Gta tue hee cicwre. SG040.  T00.0 $5649 100.0 $6617  ~=100.0 $4880 100.0 


: BPracess costs 
BEBuyings os. hcccs 5 $544 14.9 $365 4.7 $403 6:1 $418 8.6 
BeRCCEIVING 1. c cls ve ss 90 2.5 290 Buk 288 4.3 196 4.0 
AGTACARE, Sis cic sc cinsis.s 338 9.3 711 12.6 666 10.1 530 10.9 
_ (REQSTCSe e 309 8.5 628 II.I 735 TI.4 501 10.3 
f Warehousing ..... 712 19.5 1300 23.0 1410 29 1046 21.4 
Loading cars-..... 144 3.9 280 5.0 365 5.5 230 4-7 
BESS CITES lstk lic ieae one 819 22.5 419 7.4 660 10.0 645 13.2 
Sacks, tags, and twine 678 18.6 iyazel 31-0 2060 Stu 1306 26.7 
_ Miscellaneous ..... 12 0.3 23 0.1 10 0.2 8 0.2 


BE DEANE Sieterst yy\«\d> $3646 100.0 $5649 100.0 $6617 100.0 $4880 100.0 
TABLE II 
ELEMENTS oF BurzpInc anp Site Cost, 59 OWNER-OPERATED WAREHOUSES 
Line _ Co-operative Independent All 
(26) : (23) (io) (59) 
Cost Per Percent . Per Percent » Per Percent Per Per cent 
ware- of ware- of ware- of ware- of 

’ house total house total house total house total 
q terest Sotho anne 349 37-4 $317 39.6 $196 41.8 $276 39.1 
Depreciation) ¢....... ~339''). 36.3 286 35-7 157 33.6 230 35-4 
PREUTANCE | ce viens anes 54 5.8 55 6.9 31 6.6 44 6.2 
SURES ae ce one 140 15.0 96 12.0 69 14.9 102 14.4 
fe rent oo... aS 16 1.7 19 2.3 II 2.4 14 2.1 
cellaneous ...... 35 3.8 28 3.5 3 0.7 20 2.8 


Be Gtalom..scntor en. $933 100.0 $801 100.0 $467 100.0 $706 100.0 


4 
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Interest—Interest was reckoned on the basis of original cost depre- 
ciated to date. In most cases original cost was cost of construction, 
but in a few cases it was the purchase price of a second-hand ware- 
house. The prices paid for second-hand warehouses were usually 
relatively low. The rate of interest used was 6 per cent, except for 
funds used to build or purchase which had been borrowed at other 
rates, as will appear later. 

Depreciation—The depreciation rate for frame buildings was usu- 
ally 5 per cent, and for brick, concrete, or tile buildings, 3 or 4 per 
cent. It was based on cost of construction except that purchase price 
was used for the few buildings bought second-hand for which cost of 
construction could not be ascertained. As will appear later, this method 
of calculating depreciation introduced some undesirable variations into 
the results. 

Insurance.—As paid. 

Taxes.—As paid, not including any income taxes. 

Site rent.—As paid, in most cases. Sites were usually rented from 
railway companies. 

Miscellaneous.—Includes repair items mostly. 

Fuel cost was not included with building cost because it does not 
vary as do building costs proper. There is no relation between varia- 
tions in interest, depreciation, insurance, and taxes, and variations in 
fuel cost. Hence, to include fuel cost with building cost simply con- 
fuses the variations in building cost which it is desired to analyze: ~ 

Twelve warehouses were rented. The average rent paid by seven 
line houses was $255, by three co-operatives, $402, and by two inde- 
pendents, $509—an average of $334 for the twelve, which is less than 
half the annual cost of the owner-operated warehouses. The reason 
for this is partly that they are smaller, but more largely that they are 


located at shipping points with too many warehouses. In many cases — 
the owners were glad to take a low rental rather than to operate them — 
at a probable loss. The average annual building and site cost for 
owned and rented warehouses combined was as follows: line houses, } 


$422; co-operatives, $871 ; independents, $752; all combined, $642. 


, 


METHOD OF ANALYSIS 
Building cost per warehouse, under the method of calculating 


interest and depreciation herein used, will vary with age of building, — 
type of construction, and size and plan of building. Building cost per © 


hundredweight of potatoes handled will vary also with the volume of 
business handled, that is, with utilization. A careful analysis of building 
cost per hundredweight would reduce it to two factors, namely, annual 
cost of building per square (or cubic) foot, and hundredweight of 


ee 
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eee 


potatoes handled per square (or cubic) foot. Thus if a given ware- 
house handled 10 hundredweight of potatoes per square foot of floor 
‘space, and each square foot cost 25 cents a year, its hundredweight 
costs are 25 cents divided by 10, or 2.5 cents. The square foot is the 
better unit for comparing handling capacity, and the cubic foot for 
handling storage capacity. Storage space is usually in the basement. 
- Building costs for the basement and ground floor could have been 
| roughly separated if the survey had been planned in advance on this 
_ basis. As it was not, the best that could be done was to consider all 
_ building costs on a square-foot basis. 


Se Na Sm eR ae 


eT 


. COST PER WAREHOUSE 
of 


| ___—* Under the methods used, the most important factor in annual cost 
_ per warehouse is the original cost of construction. Table III gives 
_ the range in cost of construction for fifty warehouses on this basis. 

_ These data and those following can not be used in the form here 
_ given as guides in planning warehouse construction, as they have not 
_ been adjusted for changes in price and costs of construction. This 
_ introduces a serious error, as during the period represented, costs of 

| material and labor more than doubled. Ten of them cost less than 
a $2000, nine $10,000 or more, and five, from $15,000 to $17,000. The 
_ fourteen frame buildings without basements cost on an average only 
$2584, and the twenty-three frame buildings with basements $6503. 
| The five built of masonry (brick, concrete, or tile) without basements 
1 - cost $3920, and the eight built of masonry with basements, $9520. 


TABLE III 
RANGE IN OriGINAL Costs oF 50 WAREHOUSES 


No. Average 
on 4 Cost groups in group cost 
ef ‘Under SPEAK HOMMEME AUT ME ites ois ipls cis els tosaiienans ier nye bao} $1,340 
s06 ~ 2000 tO 4000 .. ee eee eee renee renee eee en eee 12 2,856 
° aor oh) GBC: okie eee 10 4,625 
eft! | (o2on Ni. GitG) elas ee 6 6,733 
far | 9) HC OCR Sens oo a Se eh BER EnS eC ee aarare 3 8,619 
ie —OWGIS ROR YeX0) 207 a area een see en EPO 9 13,488 

SNM et ote eea, ate cy ah vTas hal: sin! o\'e0v')d\bi'a(ol-0 peace oi scare 50 $5,631 


Table IV gives the range in size in terms of square feet of floor 
‘space on the ground floor. The average was 2753 square feet, and the 
ordinary range from 1000 to 4000 square feet. Size is the most im- 
portant factor in total cost, but not in unit cost. 
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TABLE IV 

Rance In S1ZE OF WAREHOUSES IN SQuarRE Fret oF GrounD FLOOR SPACE 
Size in No. Average 

floor space in group size 

Square feet Square feet 

TOO! (20 GEE OO u atoraieicteisnisinlotch ors iala wells (alle) ta faisinisioned sce e 9 1297 
BOO NCO OO Oe ate tro a ate ottatotia) ela accicay silat eiie, ste eta al siureraeiane 12 1722 
ZOOGULO )-2EOOC asses sre gcniealer eta eiesuctche se ieiere eens 12 2268 
BECO, FO SOO Ome atete sstrctaiees ath a nsefshelalietansi< Matera eerahe ee 7 2688 
4000) CO. BF OOS whiter i iela ae dele tals erento heaters s 18 3234 
BSOO 009 AOGO ary a thelutec sme ese ucdeteneroet iat Reka aire 5 3646 
AOOOMTO AROO mctatererice cveins crasecsotcaneiceucrevatetayers ea 4 4186 
ARGO. “COS OOOF a tmtiecentctele ate bare acl e eaters niche eomere 2 4680 
Oye GOOG Te niedcontervieunty cet yshertarietsieiet teres Bite 2 6900 
ALON tarsieirevare celeste re coe Meeyakri stats eanstsvelelelstala 71 2753 


The frame buildings without basements averaged 2714 square feet, 
and cost 95 cents per square foot. The frame buildings with basements 
averaged 2894 square feet, and cost $2.25 per square foot. The ma- 
sonry buildings without basements averaged 3144 square feet, and cost 
$1.25 per square foot. The masonry buildings with basements averaged 
3532 square feet, and cost $2.70 per square foot. Thus the addition 
of basement storage added 137 per cent to the cost per square foot of 
frame buildings, and 116 per cent to the cost per square foot of masonry | ; 
buildings. This addition is largely accounted for by the fact that the 
buildings with basements are of more recent construction and were built 
at higher cost levels. As already indicated, none of these averages 
is at all accurate, because they represent buildings erected at greatly 
differing price levels. Exactly how much of the higher costs of ma- — 
sonry buildings and buildings with basements and of the larger build- © 
ings is due to their being newer, cannot be stated, but undoubtedly an 
appreciable part of it. 


TABLE V 


RELATION OF ConsTRUCTION Cost PER SQuaRE Foot to Date oF BUILDING FOR TWENTY-FIVE 


Co-OPERATIVE WAREHOUSES 
nancy Webrinenipiieees Berea reat) St 


Year of Average : Average Average cost 
construction : No. size cost per sq. ft. 
Square feet 

ET GoD lates dia tansy ie Lin Sekaheere 4 , 2348 $3300 $1.47 

LOIS eccrine yess cielo Ree tale 4 2775 8825 2.39 

DOUG w cet s aimed epaals wae tees 5 3961 9824 2.48* 

TO20=B Vaal oR At Cec Sale Me 12 2421 6456 2.67* 
OS Rar Seer Seer ten get aod 25 2774 $6652 $230 


* Twelve of the houses built in 1919-20 were of frame construction with basements and_ 
the average cost was $2.64 per square foot. OF 


Because of this error, it was believed unwise to try to compare the 
costs of brick, tile, and cement warehouses, and the effect of size and 
shape of building on the cost per square foot. 
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The average purchase price of second-hand buildings was 88 per 
_ cent of the value of new buildings of the same type depreciated to the 
_ same extent. Usually the owners of these buildings had been glad to 
sell them because they were unprofitable. In computing annual cost per 
warehouse, the original cost was divided by the estimated life to get 
the depreciation per year. The higher the original costs, probable life 
being the same, the higher the depreciation charge. Depreciation fig- 
ured by this method depends upon the price level at time of construc- 
_. tion as well as upon type of construction. Interest was based upon 
original cost less depreciation to date—the longer the warehouse had 
been built, the less its interest charge.? Taxes and insurance are roughly 
proportional to present valuation. The extreme range in annual costs 
per warehouse was from $90 to $2300, and the ordinary range from 
$200 to $1500. Table VI gives the range in detail. The ordinary range 
for rented warehouses was from $200 to $500. 


TABLE VI 


RAanGe 1n Annuat Buritpine Cost PER WAREHOUSE IN RELATION TO CosT PER SQuaRE Foor oF 
Froor Space 


i. Number in Cost per Cost per Square feet 
Cost groups group square toot warehouse per wirehouse 
: Cents 

BAGEL S200) Giecca recess een 8 5.5 $144 2640 
SEA NEOUE ADO) chain sie iels arise e's ele 20 12.8 287 2238 
PRONE GOO Wp cisiass 6s, <,0° nies 68 o0 0 LS) 22.2 518 2335 
SOMERS SOUESERON coding, os pi eoce's ae o's 00 10 22.7 674 2970 
MOGUNOGLEOUO scree vinitsiec eles nis aoe 6 32.0 9or 2310 
Me L000 tO 1500 .....-s..0000-- ees 6 36.8 1240 3367 
MERE OME “GYET) 60 ccc cee eels e segs 6 39.2 1787 4563 
SR UMMMCE SSN eiiienels 0 s/G\is ie fe a.eia) et 71 23.1 $642 2753 


Table VII gives the comparative figures for line, independent, and 
co-operative warehouses. The line companies rented a larger propor- 
_ tion of their warehouses, and at a lower rent, than did the co-operatives: 
_ or the independents. Only 18 per cent of the co-operatives were of 
_ masonry construction, as compared with 20 per cent for line houses and 
25 per cent for independents. Only 67 per cent of the co-operative 
' warehouses had basements as compared with 70 per cent of the line 
houses and 58 per cent of the independents. However, the co-operative - 
and independent warehouses were much newer than the line houses, 
i 2The effect of using this method is to produce large variations in annual cost. If the 
sample is large enough, and representative, the average for the lot may be nearly correct; 


but the costs for individual warehouses unless they can be corrected for these variables will 
4 vary so. much that the efietts of the variations to be studied, such as those due to type of 


5 proper ticthod of handling interest charge for aacle a study is to apply the rate to one half 
the original cost (which gives the average investment for the life of the building), and reduce 
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especially the co-operatives. To the extent that this is true, the lower 
costs shown for the line houses are misleading for reasons already 
given. After making allowance for this error, however, a considerable 
difference will remain. We shall see later whether the larger and 
more expensive warehouses of the co-operatives are justified by a larger 
volume of business. 


TABLE VII 
WarEHOUSE Costs By CLASSES OF ENTERPRISES 
Line Co-operative Independent All 
Owned buildings 
INGS-crica ste ealetate eae iat 26 23 bac) 59 
Original \COSte\ deren ay or $3972 $7208 $6800 $5078 
Square feet ground floor 
BDICE do waiente oie aresteles 2829 3107 2286 2845 
Original cost per square 
51010) Ne CUI here, $1.40 $2.32 $2.97 $2.10 
Anntial  COSt sc rsinig sare $467 $033 $2or $705 
‘Rented buildings 
IN Gemeente epsctasrencitera ler ye 3 2 12 
Square feet ground floor 
SPACe nea aeeien one 1971 1933 2850 2141 
Rental cost! terarcanent eres $255 $402 $509 $334 
Annual cost, all buildings $422 $871 $752 3 $638 
Annual cost per sq. ft.... 0.16 0.29 0.27 0.23 


Figure 2 shows the relation between volume of business and annual 
cost per warehouse. For the warehouses handling 10,000 hundred- 
weight, the annual building cost averaged around $500; for those 
handling 50,000 hundredweight, around $1300. Thus building cost 
increases much more slowly than volume of business. The reasons for 
this will be explained later. 


ANNUAL COSTS PER SQUARE FOOT 


Annual costs per warehouse must be reduced to a square-foot basis 
before they can be combined with data on utilization of space to give 
a complete explanation of variations in hundredweight costs. Table 
VIII shows the range in annual cost per square foot. If utilization of 
space were alike in all warehouses, cost per square foot alone would 
produce an ordinary variation of about 160 per cent of the average 
warehouse cost per hundredweight of potatoes handled ($0.23). This 
table does not separate warehouses with and without basements. The 
ordinary range for those with basements was 10 to 60 cents; for those 
without basements, from 6 to 30 cents. The average for warehouses — 
with basements is 27.2 cents; for those without basements, 14.2 cents. 
The average for line houses is 15.9 cents; for co-operatives, 29.4 cents; 
and for independents, 26.6 cents. 


8 Partly due to error in method already explained. The range would be greatly reduced \a 
if interest and depreciation had been computed on a comparable basis. q 
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Fig. 2. Building Cost per Warehouse, Increasing with Volume of Business 
TABLE VIII 
Rance in Annuat Buitpinc Costs PER Square Foot oF Fioor SPACE 
Groups—cents _ No. Cost per Square feet Cost per 
per square foot in group square foot per warehouse warehouse 
Cents 
USGS) 100) 26 O6A ORS eD 6 See 9 5-4 3155 $171 
PRMLOMELS yieYelicl ed) ale/atele\ave)ais\ 5: ols ere's sie 13 12:0 2643 332 
PL OM BONN Gisrereinlsperere tise’ s\s a6 e250 12 16.3 2584 423 
CACO S OMe leRaltioyetereisy ejsva4 eheleve'<.e « s 14 24.2 2853 690 
OMI OM AO MErete ct salc|s sie cir. Gciscteecies coy 33-5 2495 837 
BML CURSO aVelieleisyo;'<) 6 ci eve 6 ai'sie'le*e «0 9 45.9 2852 I31I 
(Ose S353 ep pone eee I pee 3600 1840 
JN GS A oe ee atts, 71 — 23.1 2753 638 


It is interesting to note at this point a certain relation between 
annual building costs per square foot and volume of business. Figure 3 
shows, for example, that warehouses handling only 20,000 hundred- 
weight had costs of only 26 cents per square foot as compared with 
50 cents for those handling 60,000 hundredweight. This looks peculiar 
at first, and is indeed largely fictitious, because the warehouses handling 
the larger volume of business are newer, larger, and of better 


construction. 
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Fig. 3. Annual Building Cost per Square Foot, Increasing with Volume of Business 


This increase is largely due to-the fact that the larger warehouses were built more 
recently and at higher price levels. : 


UTILIZATION : HUNDREDWEIGHT PER SQUARE FOOT 


Utilization of space in a warehouse is about equivalent in meaning ~ 


to turnover of stock. It may be expressed either in terms of hundred- 


weight per square foot or of square feet per hundredweight or carload. | 


One is simply the reciprocal of the other. In this analysis it will be 
expressed in both ways. Table IX gives the range in size of ware- 
house. The range is rather wide, 8 of the houses being more than 
three times as large as the 21 smallest houses. Table X gives the 
range in volume of business handled. There were 21 at one extreme 
which averaged 7215 hundredweight and ten at the other extreme which 
averaged 57,642 hundredweight. The line houses handled less than 
half as many hundredweight as the co-operatives and independents. 
With these wide ranges in size of warehouses and volume handled, 
there is sure to be a very wide range in utilization, or hundredweight 


per square foot, as is indicated by Table XI. The best utilizations are 


more than five times as good as the poorest ones. Ten line houses 
handled less than 3 hundredweight per square foot of floor space, and — 
\ 4 


ent 


Salen arte sis sedess 2 


if 
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5 independents over 15 hundredweight per square foot. The range is 
about 175 per cent of the average. 


: TABLE IX 
RANGE 1n S1zE oF WAREHOUSES IN SQuaRE Feet or Fioor Space 
_ No. Average size Cost per Cost per 
Groups in group of group per warehouse square foot 
Square feet Cents 
eer DOU cra aisles sitewide es 9 1265 $311 24.5 
ESOO NEO M2000: (e sue 0's. 210 5 AEA OS 12 1720 448 27.0 
ZOOM MtOm 25 OO eisletsiielsielsiisie eine ele.as 12 2270 442 19.5 
EOI RS OOO! Bohn tshis a )0p018'e)opeh dia lelleve 8 7 2690 623 2352 
BOOGMEDMAGOO im cracs hye <2 sles. sis.q.n.= 2% 18 3240 757 23.4 
ST ie en 5 3650 938 25-7 
ODO StOMs OOO: be Aus. n.¢ eon aiciele las ae « 5 4350 1060 24.3 
OE RC OOO Mei ne-cie-oharnisis/aie <si,0 7.5.9 3 6380 1176 18.4 
PRN TE Mee earel hers FSi en's 71 - 2753 $637 23.1 
s TABLE X 3 
RANGE IN VOLUME oF BUSINESS IN HUNDREDWEIGHTS, BY CLASSES OF WAREHOUSES 
Line ' Co-operative Independent All 
Group - 
(000’s No. Average No. Average No. -. Average No. Average 
omitted) ingroup volume ingroup volume ingroup volume in group volume 
. Cwt. Cwt. Cwt. Cwt. 
Under 10... 14 7,151 5 7,631 2 6,606 21 7,215 
Zo. 1015.24. FO 11,767 im 11,555 2 14,164 17 11,986 
ESCO “SO 3,5 « 6 17,014 4 18,326 (o) fo) 10 17,548 
ZOn tO! (AOs% 2.6 3 23,043 6 26,408 4 29,270 13 26,512 
Over 40.... 0 ° 6 61,167 4 52,357 10 57,642 
BAM Liste coe 33 11,792 26 26,718 12 30,670 71 20,449 
TABLE XI 
- RANGE In UTILIZATION OF FLooR Space, 71 WAREHOUSES 
Hundredweight All 
per square foot Line Co-operative Independent combined 
TOSSES 2". Aen en 10 ° ° 10 
2) 8. OS <2) oA ORS Oe Oe nena I4 10 4 28 
OSG Co. SU eee 3 5 I 9 
Cy he. Tt. a A Se eRe en 4 4 fo) 8 
72 UD) TR) Ae a ee 2 3 2 7 
REIT OW CLM Werke). falpaidc Sole eee « () 4 5 9 
ANU. | [aaa eae Jee) BOE 33 7 26 12 71 


The average for all warehouses is 7.4 hundredweight per square 
foot. Table XII also compares utilization by classes of warehouses. 
The line houses are not only smaller, but have a much lower rate of 


turnover. 
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TABLE XII 
UriLization By CLAssEs OF WAREHOUSES 


Utilization 


Average Average - 
floor space volume Cwt. per Sq. ft. 
s sq. ft. per cwt. 
Sq. ft: Cwt. 
Line” “sch deretose ee eee 2639 11.792 4.5 0.22 
Coroperative: merci <2 ale de 2802 26.718 9.5 o.TT 
Independentse) 345.0. 50... 2866 30.670 10.7 0.09 


ON Rat site Pe tents eee 2753 20.449 7.4 0.14 


Figure 4 shows graphically the general relationship between volume 
of business and size of warehouses. Floor space on the ground floor 
ranges only from 2400 square feet for a volume of 7500 hundred- 
weight, to 3280 square feet for a volume of 87,500 hundredweight. 


30 
85 
80 


800 1600 2400 3200 4000. 
GROUND FLOOR SPACE IN SQUARE FEET 


Fig. 4. Ground-Floor Space Increasing with Volume of Business 


LOCAL POTATO WAREHOUSE ORGANIZATION 21 
This change is only at the average rate of 110 square feet additional 
for each 10,000 additional volume of business. Below 20,0co the 
change is at the rate of 300 square feet for each additional 10,000 
hundredweight in volume, but even this is a relatively small increase; 
in fact, only a 17 per cent increase in size for a 185 per cent increase 
in volume. Figure 5 shows the same data reduced to the basis of 
square feet per carload (360 hundredweight) of volume. At the 
10,000-hundredweight volume, 90 square feet of floor space were used 
for each carload of output; at the 87,500-volume, 10 square feet. This 
is a decrease of 10.3 square feet per carload, or 18 per cent of the 
average, for each 10,000 increase in volume. It is thus the variations 
in volume handled rather than in “size of warehouses” that is princi- 
pally responsible for difference in utilization. If size of building in- 
creases slowly with volume, then utilization must increase rapidly. 
The increase is much more rapid under 30,000 than above that point, 
because very few warehouses are built small enough to give good 


utilization with a volume under 30,000. 
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SQUARE FEET PER CARLOAD 
Fig. 5. Large Volume Giyes Better Utilization of Ground-Floor Space 
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The maladjustment between volume of business and size of ware- 
house seems to be of two sorts: first, a large number of warehouses 
that were under-utilized and perhaps a few that were over-utilized— 
as indicated by the slow increase in size of warehouse with volume; 
second, wide variations in volume within each size group, as indicated 
in Table XIII, which gives the high and lov volumes for each group. 
Several explanations may be offered for this maladjustment. (1) The 
figures on volume of business are for 1921, in which production was 
somewhat below normal. This will partly account for the small volume 
for the warehouses in general. (2) Some of the warehouses were 
built many years ago in areas where increased competition and changes 
in type of farming have decreased the volume which any warehouse 
can expect to obtain. This explanation especially fits the line houses, 
which have the poorest utilization. It is in agreement with the opinions 
of several of the wholesale dealers with whom the matter was discussed. 
Wherever, in a group of any size, a warehouse is found with very poor 
utilization this is likely to be the cause. 


TABLE XIII 
RELATION OF SIZE OF WAREHOUSE TO RANGE IN VOLUME 


* Volume of business—hundredweights 


Square feet 
(00’s omitted) Co-operative Line Independent All 


High Low High Low High Low High Low 


Tonos nes atic wire a eve 16,881 8,071 15,954 7,314 21,240 4,500 21,240 4,500 I 
E57 EO0..200 sss eee hee twen 11,654 5,045 24,486 4,718 8,712 8,712 24,486 4,718 iy 
BONO MMA G, Wis ene sentnyasncata te 13,580 11,160 20,571 5,025 31,040 31,040 31,040 5,025 | 
DSHELO ASO Mcatot a sy nape wie 41,337 21,600 16,560 7,950 37,800 37,800 41,337 7,950 ' Uh 
BON EO! 2G Snir ale tape ietleeat ana eres 87,205 18,324 24,073 4,499 63,360 13,329 87,205 4,499 q 
SILOM WM eancon geno ae 64,390 11,345 9,021 9,921 44,703 44,703 64,390 9,921 
WSO sbi Age Be i ean Patan O oree 21,670 18,332 18,051 18,031 27,000 27,000 27,000 18,031 Vd 
eS LO USO? verse alik saat eee 63,780 63,781 20,552 “rol5i2 | .nice, sere 63,781 10,512 | 
(Oost: aitoo damon a adone 66,608 66,608 12,081 12,081 ..... * ..cu» 66,608 12,081 
aS = SS as #27 ES sity 
SAU a crafts ss crapeteruuns ere aaciente 87,205 5,045 24,486 4,499 63,360 4,50ce 87,205 4,499 ba 


A third explanation is that some of the warehouses were built large 


to provide storage space. This is supported by the fact that in general J = 
the warehouses with basements are larger than those without basements. r 
The average storage capacity of line houses was 8035 hundred- 


weight; of co-operatives, 8664 hundredweight ; and of independents, 
8427 hundredweight. The turnover for storage capacity was as 
follows: line houses, 0.69 time; co-operatives, 0.89 time; independents, | 
0.81 time; all combined, 0.79 time. Table XIV shows that storage 
capacity per square foot of floor space is almost constant for -ware- = 
houses of different sizes. Therefore the warehouses with a large base- — 
ment for storage have extra space on the main floor and have poorer 
utilization of it. Table XIV also shows that the larger warehouses 
have a lower turnover of storage capacity. 


te 
} 
| 
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i TABLE XIV 
RELATION oF FLooR Space To StoraGe Capacity 
E Average Stora e capacity 
Size No. in Average storage ~ per squart foot 
group floor space capacity of flcor space 
Sq. ft. Sq. ft. Cwt. Cwt. 
BAU TOD PAOD UA Cie: 018 cisleye ots orev 9 1265 3,780 2.98 
Sey Ome TNE ACO ators rae eis to cievkip ae. o 016 I2 1720 4,867 2.82 
PAO ORME aE IO Wins aise ray « fo) as evea: See, 5 12 2270 6,912 3.04 
AEG, PEC SOOO Fals Wiinas,'s 0515p, Helio. evens es F 2690 8,294 3.08 
pS ORES Wee GME selec pidval a) oisr'siete! s),svo%6 18 3240 9:792 3.02 
3506 tO VACOO. 55:2 oe are Beaten eswvels, 5 3650 11,404 3.12) 
OGG DROIEA SOD aa taicletslsne piels.sie)x- 05 0:5 3 4467 Hey 132 2.93 
AsOW GO SOW a..0 a ss a os Gayavals'<:o% 2 4680 14,400 3.07 
RONSON es feegahaie ahaa felis otulae: 6% toys 3 6380 21,772 3.41 
Mae Be Oe i a SORE RACE RRR ace 71 2753 8,332* 3.02 


* The average for the co-operatives is 8664; for the line houses, 8035; and for the 
independents, 8427 hundredweight. 


_ Capacity as well as did the others, because the volu:ne of potatoes han- 
\ dled was so much smaller. However, the ratio of potatoes stored to 
h potatoes handled was: line houses, 0.47; co-operatives, 0.29; inde- 
b _ pendents, 0.22; and for all combined, 0.32. 


4 The line houses, even tho smaller, did not utilize their storage 


COST PER HUNDREDWEIGHT 


SES Sei iy ot ir nag ake: Se ICD os 
, 


Table XV shows that the ordinary range in cost per hundredwe’ght 
is from 3 to 10 cents. A comparison of Tables VIII and XI shows a 
wider range for utilization than for cost per square foot. Hence 
utilization is more responsible than cost per square foot for variations 
in cost per hundredweight. Furthermore, a considerable part of the 
_ variations in cost per square foot is due to using methods which did not 
allow for differences in date of construction. On a comparable basis, 
utilization would prove to be much the more important of the two 
- factors. 


g TABLE XV 
RANGE 1n BuiLpinG anp S1TeE Cost pER HUNDREDWEIGHT, BY CLASSES OF WAREHOUSES 


No. in each group 


Litie Co-operative Independent All 

Cents 
UGGS a) OAR G Renee Oren II 6 4 21 
EMP Ie etiaicka, cele ee tw ati eles 13 13 4 30 
5 tO 7 ere e eres eee Rony ose ateha isa ain 6 3 I 10 
EON Me catralptarnis iu sisieiea/acs.8 8 leree>'ay*\ 6 2 4 to) 6 
UMM EM chet stifle artiocjoriis bere ets I 3 4 
200 Set: GO Eada CBee 33 26 12 71 
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In planning a new warehouse, theretore, more attention needs to 
be given to building the right size of warehouse than to type and cost 
of construction, altho both are important. It will not be possible in 
this analysis to go into the question of the cost of maintaining large 
storage capacity and the advantages of it, but these should be carefully 
considered. Adding a basement, of course, adds to the cost per square 
foot of floor space; and there also seems to be a tendency to build 
warehouses large in order to provide storage space, and this decreases 
the turnover both of floor space and of storage space. 

The effect of utilization is made further apparent when the relation 
of volume of business to cost is studied. Figure 2, previously referred 
to, shows this relationship on a warehouse basis. Figure 6 shows this 
relationship expressed in terms of cost per hundredweight. At 10,000 
hundredweight, the average cost is about 4.7 cents per hundredweight ; 
at 20,000, around 3.7 cents; at 40,000, around 2.7 cents; and above 
50,000, practically constant at 2.6 cents. Above 50,000 hundredweight, 
however, the curve is based on too few cases to make it very depend- 
able. Under 50,000 hundredweight, the decrease in building and site 
cost is at an average rate of about 0.8 cents for each 10,000 increase 
in volume. 
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Fig. 6. Large Volume Decreases Building Costs of Handling a Hundredweight of Potatoes — 
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. It will be recognized at once that the curve in Figure 6 is a combina- 
. tion of the curve in Figure 3 (showing a considerable increase in costs 
| per square foot with volume) and Figure 5 showing a very pronouaced 
decrease in floor space used per carload.t| The decrease in space used 
thus more than offsets the increases in cost fer square foot under 
/ 50,000 hundredweight, and almost exactly offsets it above 50,000 
i hundredweight. Between 20,000 and 50,000 hundredweight, costs per 
square foot are about doubled, and square feet per carload are cut in 
four. It will be remembered that most of the increases in utilization 
occurred under 50,000 hundredweight. 
13, If, as already explained, interest and depreciation had been figured 
_ in a comparable loss, a considerable part of the increase in cost per 
square foot with output would have disappeared. Building and site 
' cost would then have decreased with volume more like the utilization 
[ curve in Figure 5. 
iS Table XVI shows the relation of volume of business to cost per 
| hundredweight, and also gives the high and low costs for each volume 
group. This makes it clear that altho volume of business is an im- 
portant factor there are other factors of still greater importance. Thus, 
in the group of 17 warehouses handling less than 10,000 hundredweight, 
one had costs as high as 16 cents per hundredweight, and another as 
low as one cent. If we examine a number of individual warehouses 
we will probably discover some of these other causes. 


TABLE XVI 


Retation oF BuitpinG AaNnp Site Cost PER HunpREDWEIGHT TO VOLUME oF BUSINESS IN 
SEVENTY-ONE WAREHOUSES 


Building and site cost per cwt. 


Hundredweights No. in 5 
(000’s omitted) group High orn Average 

Cents Cents Cents 
PG DER OM Te hee eral ee ales daie's * ose 21 16 I 4.76 
SORE MEMS settee ecoietare ia\cile ais» 's(> 0 s-< vs 17 12 ue 4.31 
Rates a Fal sinoile inj sie os o's 10 10 I 3-46 
PCA OEE i etclsnstelcteieiive ‘sfa sels se, 01s s/e, 13 8 I 3.02 
PROMI OLOM EL ae aic ia late'> a: alas ere eis «ieee staid « 5a) i, 4 I 2.18 
ANU Se aes = eae ke! 16 I 3.08 


| No. 39, an independent handling only 40 cars, has a 36x99 hollow- 
"tile warehouse, with basement, that cost $15,000, including a $3000 
_ track extension. The building is about 800 square feet, or 20 square 
- feet per carload, larger than the average for this volume of business, 
"but the major factor is cost per square foot, which is 4.9 cents per 
§ square foot of space as compared with the average of 2.1 cents for this 


' +A carload was considered as 360 hundredweight. The shape of the curve is the same 
| with carloads or hundredweights as the unit. 


E 
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volume of business. The effect of the combination of high costs and 
poor utilization is to give building costs of 11.7 cents per hundredweight, 
as compared with an average of 3.08 cents for the 71 warehouses. 
Unless volume of business can be increased, this warehouse is too large; 
and probably, also, of too expensive construction. To make the latter 
statement, however, further information is needed, such as the certainty 
of potato-growing in the’ district, the certainty of success of the ware- 
house, and the attitude of the growers. 

It should be pointed out here that high first costs do not necessarily 
mean high annual costs. If hollow-tile buildings last enough longer 
to offset the higher interest charge on the investment, then high first 
costs will lower the annual costs. It is always a nice point to determine 
what grade of construction is most profitable in the end. The more 
expensive the construction, the higher the interest cost and the larger 
the amount to divide into the life of the building; but the longer the 
life, the more years into which to divide it. Potato warehouses, how- 
ever, tend to become obsolescent for various reasons, so that too long 
a period of use can not be considered with safety. 

No. 55 is a line house built in 1898 of frame construction, without 
basement, insured for $800. It handled 30 cars at a handling cost of 
0.8 cent per hundredweight. 4 

No. 39 was a new warehouse, No. 55 an old one. If both had been 4] 
built the same year, or costs had been reckoned on a comparable basis, — 
their costs would have been much more nearly equal, but still signifi-- q 
cantly different because of differences in type of construction. Further- 7} 
more, this warehouse used only 37 square feet of floor space per carload 
as compared with an average of 90 for other warehouses with the same 
volume. ae . | 

No. 30, a co-operative, has.a frame warehouse 36x96 built over ~} 
a cement basement, which cost $11,400. It handled 230 cars in 1921 |} 
at a building cost of 1.96 cents per hundredweight. The building cost ~}} 
per square foot is over twice the average, but the volume of business — 
is so large that cost per hundredweight is relatively low. , 
_ No. 22, a co-operative warehouse which handled 112 cars in 1921, ~ 
has a frame 40x80 one-story warehouse that cost $4000 in 1916. Its ~}f 
building costs were 1.2 cents per hundredweight, as compared with 2.7 |] 
cents for other warehouses with the same volume. Its building costs jj 
per square foot are 17.8 cents, about half the average for this volume; — 
and its utilization, 28.6 square feet per carload, about the same as the ~ 
average for the volume. The low costs are therefore due to lower costs ~ 
per square foot. 4 

Table XVII shows that line houses have the highest building costs — jj 
per hundredweight, even tho their costs per square foot are very low} | 


LOCAL POTATO WAREHOUSE ORGANIZATION 27 


because of very poor utilization. Building costs of independent houses 


are lower than those of co-operatives because costs per square foot are 
lower and utilization is better. 


TABLE XVII 
CoMPONENTS OF BUILDING AND Site Cost spy CLAssEs oF WAREHOUSES 
: Cost per Sq. ft. Cost per 
! sq. ft. per cwt. cwt. 
Cents Cents 
UMC eso eres, SiePos seine es SENG 8 be ease 16 0.23 3.61 
OPTIMIST che etys aleicnys ewe aie soe 0.11 3.17 
EEE RURCTIE Sa. oc aicisscieieca'e oS Sim aie w-s's .28 0.09 2.45 
SEN eR RE Tet citey 6 ethers pi ectys;e\0 8 a: 6 23 0.13 3.08 


DISTRIBUTION OF BUILDING COSTS 


F Table XVIII shows how building costs are distributed to processes. 
_ This distribution is based upon estimates and measurements of the 
proportions and amounts of space used by the various processes. Space 
| between articles of equipment was divided between them in whatever 
proportion seemed most in keeping with its actual use. In this distribu- 
__ tion to processes, $57 of fuel cost has been included, as fuel cost is 
i probably more nearly proportional to space used than to any other 
simple basis. Where potatoes are stored for considerable periods, a 
: larger proportion, it is true, should be charged to warehousing, but this 
: represents a degree of refinement not attempted in the rest of the 
analysis. 


TABLE XVIII 


DistRiBpuTion oF ANNUAL BuiLpinG Cost To PROCESSES (INCLUDING FUEL) 


Line Co-operative Independent All warehouses 


Process Per cent Per cent Per cent Per cent 
Amount of'total Amount of total Amount of total Amount of total 


fe Receiving ........... (ey 1.0 $ 46 5-0 $ 17 2.1 $ 22 3.2 
ircachine Oe mses tee ies os 79 16.9 140 15.0 120 14.7 108 TAs 
PSC isha s See ay 5 ee 65 13.9 127 13-7 118 14.6 97 13.9 
Warehousing ........ 317 68.2 618 66.3 557 68.6 468 67.3 


Aa EN See $465 100.0 $931 100.0 $812 100.0 $6905 100.0 


EQUIPMENT COST 


Equipment cost, according to Table I, is 6.7 per cent of all costs. 
It is, then, one of the least important of the elementary costs. Table 
XIX shows the elements of equipment cost. Depreciation represents 
about one half the total.® 


5 A more correct procedure for handling power cost would have heen to set up an inter- 
_ mediate account called “Power,’’ which would have included power equipment cost, power 
upplies cost, power labor, etc. Power cost thus constituted could be prorated on the basis 
of power used. 
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TABLE XIX 
ELEMENTS OF EQurepMENT Costs 
Co-operative Line ~ Independent All warehouses 
Process Per cent Per cent Per cent Per cent 
Amount of total Amount of total Amount of total Amount ot ‘otal 
Pnterest vce eaees ervey $ 68 15.5 $ 35 16.8 $ 65 15.9 $ 52 16.0 
Depreciation vis. eds. 210 47.7 86 41.4 210 51.0 153 46.5 
TANS S5.kc' ole Reet via eee 27 6.1 pal 7.4 22 5.4 21 6.3 
Insurance! Gvivsrigrneere 12 2.7 8 sy 14 365 10 aoa 
RREPAILS sac erv atertatatal tare 55 12.4 206 12.6 20 49 36 10.9 
Power supplies ...... 69 15.6 38 18.1 79 19.3 56 red 
ME Gta ey, tots nie eae ck 22 $4qt 100.0 $208 100.0 $410 100.0 $328 100.0 


Depreciation was calculated in the same way as building and site 
cost. This means that new warehouses have relatively higher deprecia- 
tion for the same equipment because bought at higher cost levels. 
Interest was based, as for building and site cost, on original cost de- 
preciated to date. It is therefore high for new warehouses for two 
reasons, namely, that the new equipment was higher priced, and that it 
had not depreciated so much. The error thus introduced seriously 
interferes with such correlations as that between equipment cost per 
hundredweight and output, and that between equipment cost and labor 
cost. 

Kquipment cost can not be analyzed to advantage as an aggregate. 
It is necessary to consider each item of equipment as a unit. This is 
best done in connection with the processes using the various items of 
equipment. Table XX shows the major items of equipment of a 
potato warehouse, and indicates how generally each is used. In addi- 
tion, all warehouses are equipped with ordinary platform scales, sack- 
holders, shovels, and the like. Line houses are much more poorly 
equipped than the others with wagon dump scales and conveyers. 


TABLE XX 
NuMBER OF WAREHOUSES, BY CLASSES, HavinG Various Items oF EgquipMEeNnT 
Line Co-operative Independent All 
Per cent Per cent Per cent Per cent 


No. oftotal No. of total No. oftotal No. of total 


Blectirie: motors: occ. eee oe 23 69.7 eee 50.0 6 50.0 42 59.2 
Gasoline engines ......... 6 18.2 9 34.6 4 33:3 19 26.7 
Both gas and electric...... 4 [2.1 8 11.5 2 16.6 9 12.7 
Gonvessors¥ an center 4 1h Hy) bd 27.0 5 41.7 16 22.5 
Sack ‘elevators ....e0.000. 23 60.7 21 81.0 9 75.0 +53 74.7 
Wagon Scales fickle ain 4 D200 T 3.8 oO 0.0 5 7.0 
Wagon dump scales....... 3 9.1 18 69.3 10 83.4 31 43.6 
Rent wagon scales ........ 5 15.1 I 3-9 to) 0.0 6 F 8.5 | 


Figures 7 and 8, showing the plans of two ‘fairly representative 
potato warehouses, also indicate the placing of the equipment in each, 
case. There are, of course, a good many variations from these plans. — 


Cuuryy, ‘sypodeouury ‘Auedwiog uononaqysuod YONIF, 9y} AQ paaedarg) 
esnoyateM OWOg Jeodky, JO uorjoas-ssory -L “31g 


> 


~— = 
| Py ae wT 
O-] =8 ato29 


‘NOILIES ccowro 


ae 


(uu, {Meg 3S ‘wszegq ApsioaruQ, ‘Sursssursuy eanynosy JO woIsIAIq oy} Aq pesedaig) 


asnoyaieM 0}e}0g [eoidAy, Jo ue[q I00|4-sIIT “8 “BI 


b 


a 


uofieAucs 
uipius Of 
A4O4,DA2/5) 


‘edtaap Buisojs , 
YyIA s4a4siba4 400}4 


[a] 


O01 = _9-ol 


“ANMAAIZEC 


0-08 


ae Ol 


"Spnys Oxy fo Sapic Yfoq uo quod = 
spapoq yx] $0 paponafsuos sure 


| wee 3] 
0-01 - °-9o1 > 


sfpoyus 3y oOp,UI AID ysa4} 
ABAO S43A0D OOM ada. 


“aos Of 34n44- 4 


> 


naye 24045 8. 
Flite ° 


ei 


< 
o-of 


tsaddoy o. 
40,DA2[q 


e: : ‘ 
‘Avs OL y 
42pvo] [OE | 


| 1u> Of 


dopqaa|a YDS 


‘astasp Buisoj> 


YIM sda4siBaa 400]-4 


eine 


eee See 


ups of 


A42 pr ¥ (oar 
3 A 


AOLvDAD| 


LOCAL POTATO WAREHOUSE ORGANIZATION 31 


\ Table XXI shows the range in value of equipment per warehouse 
\ at the time of the survey. Six of them had less than $300 worth of 
equipment, and ten of them more than $1500 worth. The variations 
are due to differences in the amount of equipment per warehouse, also 
_ in the age of the equipment, the extent to which it was depreciated at 
| the time of the survey, and the level of prices at the time it was 
purchased. The average for all warehouses was $821; for line houses, 
$615; for co-operative houses, $976; and for independents, $1220. 


TABLE XXI 
RANGE IN VALUE OF EQUIPMENT BY CLASSES OF WAREHOUSES 


No. in group 
Value of equipment Line Co-operative Independent All 


SMNCROCK: G30 j-culye cs oleeectcs>s.e-- ° 6 0 6 
IBY BMA RG LOOO snc lste Si isirie a elajetsndcle-sis's <= 18 4 2 2 
eT OOD Oi taste rsisicluve ce incstavere.o 0's": 11 5 2 18 

PROMO TEEGO\E anoint views sicue)i 90-8 0.0.2 3 g 4 10 

PRPC SESE Mac ss) <ictais ite ers pre-e sa. oe 2 2 te) 2 I 3 
F SPREE LEGO i eisinsuc.a)ecerevaiera ns # sisie's s ¥ ° 5 I 6 
MeOm ANG OVET ci. cee ace cede e eves I I 2 4 
se PORE MPPES eRe cats 1 Wi Thue liste los oie a 4 33 26 12 71 


These figures can not be taken as guides as to the amount which 
| any warehouse should spend for equipment, because prices have 
_ changed; because these values are for partly depreciated equipment ; 


follow. It is well for any warehouse operator to know, however, 
whether his warehouse is above or below the average, and how far. 
Table XXII compares the three classes of warehouses and gives 
the ratios between equipment values and building values at the time of 


_ building and equipment as well as upon amount of equipment and type 
of construction. The line houses have less equipment. The low ratio 
_ for co-operatives is due to the fact that more of the co-operative ware- 
houses are of recent construction. -The high ratio for independent 
houses is a true index of the fact that they are better equipped. The 
quipment of line houses is about on a par with their buildings. 
TABLE XXII 


ALUE OF EguipMENT BY CLASSES OF WAREHOUSES, RATIO oF EguiPpMENT TO BUILDING VALUE 
a. AT TIME OF SuRVEY © 


in fer Ratio of equipment 
Classes of Value of Value of value to building 
warehouses building equinment value 


. Per cent 
Ratner ee sleet a are Pah aan tes, ATS $3257 $615 18.8 
Die Patatetss accom diye ey's eee 5920 ~ 976 16.5 
steele eee e scene eens 5583 1220 21.8 


17.5 


RIN Me rekais eres s¥aincai piesa?! ssp is $821 
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Figure 9 shows graphically how equipment cost. for warehouses 
varied with volume of potatoes handled for the 71 warehouses covered 
in the survey. Thus the small wareliouses handling from 10,000 to 
15,000 hundredweight had average equipment costs around $280, and 
the warehouses handling 50,000 hundredweight had average equipment 
costs of around $580. The increase with volume is rather slow under 
30,000 hundredweight. 
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Fig. 9. Relation of Volume of Business to Equipment Costs 


Curve A, Equipment Costs per Hundredweight 
Curve B, Equipment Costs per Warehouse for Different Volumes 


EQUIPMENT COST PER HUNDREDWEIGHT 


Table XXIII shows the range when equipment cost is reduced to a 
hundredweight basis. The range is somewhat wider than for total 
warehouse equipment costs. Utilization is undoubtedly a large factor 
in this range, but, as already pointed out, it is not possible to show its 
effects separately except by analyzing each item of equipment sepa- 
rately, which is best undertaken in connection with the process cost 
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analysis. Also, as with buildings, if equipment, interest, and deprecia- 
tion were put on a comparable basis, utilization of equipment would 
prove more important than cost of equipment. 


TABLE XXIII 
Rance 1n ANNUAL EguipMEeNT Costs PER HuNDREDWEIGHT BY CLASSES OF WAREHOUSES 


Annual equipment Riess eso 
cost per cwt. Line Co-opera’ive Independent All 

Cents 

ie eras lsOwttvare ois i chee sare ws apie ene ae 6 4 4 14 

OME Cedar GS Moker state cs ysis) e/a nick f= wyst-d- 0's p+ 6 8 It i 22 

Desai Mam anther afc Wal dec keels sisvers) eee 7 1 2 nae) 

aM CONS ARO Pace Meck area Tacos a eicsaie: ¥ o.le18i0! cn 8 5 2 10 

a CO RG AS anced ainlo po Cocos cite 2 3 fo} 5 

Ati Ge See Oe ae I I I 3 

PDE OMEIN aarti ci ood shoe cage oes I oO] 2 
MeN gece. ix) cies tats w Wiis) cocina ee 33 36 12 at 


The average cost per hundredweight for all warehouses, according 
to Table XXIV, is 1.6 cents. In spite of high costs per warehouse, 
the independents have much lower costs per hundredweight. This 
means that, as a whole, the extra volume of business warranted their 
more complete equipment on the score of costs alone, to say nothing 
about possible saving in labor costs and greater convenience of the 
patrons. There were individual warehouses, however, as the two 
handling between 10,000 and 15,000 hundredweight, for which this was 
not the case. The line houses handled so small a volume of business 
that even their low equipment costs per warehouse left them with the 
highest hundredweight costs of any group. It is altogether possible 
that in some cases more complete and more convenient equipment might 
have increased their volume enough actually to reduce their per 
hundredweight costs. 


TABLE XXIV 
EguipMenT Costs PER HuNDREDWEIGHT By CLASSES OF WAREHOUSES 


é Li Co-operati Independent 1 
Hundredweights ine o-operative ndependen All 
(000’s omitted) No. Average No. Average No. Average “ No. Average 
Cents ci Cents Cents Cents 
He RUOMEOrMr pias cia-ayetiaye eps « 14 2.40 5 2.70 2 2.04 21 2.44 
BIOMEOMRNE lata techs a vie eee F 10 2.26 5 2.28 2 2.93 17 2.30 
EMPLOI BOOM a uelsue''s aia laraidiovn fx 6 1.09 4 2.08 o 0.00 10 1.50 , 
PRO EADS cress sia ays ev 3 1.05 6 2.20 4 0.93 13 1.54 
PAOD. OVEN. (6 soe sees ee Co) 0.00 6 2. ¥3 4 i.32 10 1.18 
PM ASMEESipieieger di spa «asa iadats 33 1.77 26 1.65 12 1.34 71 1.60 


Table XXIV shows that, taking the 71 warehouses, costs per 
hundredweight decrease quite consistently with volume of business. 
Curve A in Figure.9 shows the same thing graphically and in more 
detail. The costs for the ten largest volumes are appreciably smaller 
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than for the next lower volume group of 13, but they are handling 
over 30,000 hundredweight more potatoes. The curve shows only 
slight decrease over 30,000 hundredweight, and especially over 59,000 
hundredweight, and a very rapid decrease under 20,000 hundred- 
weight. This indicates that there is a minimum of equipment which 
every warehouse must have, and costs decrease rapidly until this mini- 
mum is fully utilized; that from this point on to 30,000 hundredweight, 
the equipment is both increased and more fully utilized; and that above 


this point, equipment increases about as fast as volume of business,- 


probably because certain major items have to be duplicated. Curve A 
may serve as a rough standard for purposes of comparison. If any 
warehouse finds its equipment costs are seriously out of line with this 
curve, it should determine the reasons for it and whether or not they 
are adequate. 

Thus, as we examine individual warehouses, we find that No. 58, 
a line house, handling 11,000 hundredweight, has an equipment cost 
of 5.3 cents per hundredweight, nearly three times the average for this 
volume. Its building and other costs are somewhat high, but nothing 
in comparison with equipment costs. The volume of business is too 
small for a 36x70 ft. warehouse, but even if the volume of business 
were normal, equipment costs would be high. The equipment of the 
warehouse cost $2700 new, and the warehouse, $4450, a ratio of 60.8, 
as compared with 17.5 for the average. (See Table XXII.) This 
warehouse has a conveyor which cost $1500, and all other equipment 
in proportion. 

Near the other extreme is No. 10, a co-operative house which 
handled 13,580 hundredweight at an equipment cost of 1.06 cents per 
hundredweight, about 0.7 cent under the average for this volume. The 
value of the equipment was only 8 per cent of the value of the building. 
The warehouse has no conveyors or elevators or dumping equipment. 
No doubt the warehouse could well afford to provide more convenient 
equipment. 

No. 26, a co-operative warehouse, handled 230 cars at an equipment 
cost of 1.15 cents per hundredweight, which is perhaps a little high 
for this volume. The equipment cost 35 per cent as much as the ware- 
house, and is very complete. 

No. 20, also a co-operative house, had as much equipment as No. 26 
and handled only 32,000 hundredweight. 

The lowest cost of all was for an independent house which handled 
105 cars with $200 worth of old equipment. Needless to say, its labor 
costs were high. The highest cost for independents, 4.6 cents per 
hundredweight, was for a warehouse with $2800 worth of equipment 
handling only 40 cars. In this case, building costs were equally high. 
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Table XXV shows the distribution of equipment cost to five 
processes. Grading uses more equipment, on the average, than any 
| ae process. If all warehouses were equipped with conveyors and 
- elevators and wagon dump scales, however, these percentages would 
be greatly changed. 


TABLE XXV 


DISTRIBUTION OF EQuiPMENT Costs to PRocEss 


Lia Line Co-operative Independent All warehouses 
Process Per cent Per cent Per cent Per cent 
: Amount of total Amount of total Amount of total Amount of total 

PeReceiving |... e's $ 26 12.4 $ 98 2273 $135 32-7 $ 71 21.6 

_ Grading Perish nas ars 99 47.6 212 48.0 159 38.7 151 46.0 

- Sacking BE oie inocu Rea 5 2.4 14 wen 12 2.8 9 2.8 

Se Warehousing ......... 39 18.6 67 15.2 54 13.0 52 ney 

Br Loading EBES teeters 40 19.0 50 11.4 53 12.8 46 13-9 

7 aoe mes 
PANEREE! cays wicha sew a $209 100.0 $441 100.0 $412 100.0 $328 100.0 
LABOR COST 


Table I shows that labor is 24.7 per cent of all costs. Table XXVI 
‘shows the elements in labor cost. For the 71 warehouses the labor 
hired is 75.8 per cent of the total, and the labor performed by the 
manager is 23.6 per cent of the total. The division of the time of the 
manager between labor and office and management was a rough 
estimate. In general, time spent in buying and selling, correspondence, 
and keeping records was called office and management, and that de- 
voted to the actual physical handling of the potatoes and the like was 
called labor. For the co-operative warehouses, labor was estimated 
as 45 per cent of the manager’s time; for the independent houses, 27 
_ per cent; and for the line houses, 53 per cent. As will appear later, 
_a large part of the work of office and management for the line houses 
“was performed in the central office. The local managers of such 
ouses, therefore, had more time to devote to the actual labor of han- 
dling potatoes. Their smaller volume of business had the same effect. 


i 


ee TABLE XXVI 


ELements or Lasor Costs For 71 WAREHOUSES 


Line Co-operative Independent All warehouses 


_ Elements of cost Per cent Per cent Per cent Per cent 
od Amount oftotal Amount of total Amount of total Amount of total 


Hired LEA ar ae eee 55.4 $1214 80.3 $1719 88.6 $913 75.8 


tbor by manager. 310 44.6 284 18.8 208 10.7 284 23.6 
- Liability” insurance * ee 14 9 14 si 7 6 
SPs orient rs «14> $696 100.0 $1512 100.0 $1940 100.0 $1205 100.0 


* Employment liability included in home office overhead and prorated to office and manage- 
t costs for each warehouse. 
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Twenty-seven of the 38 co-operative and independent warehouses 
carried liability insurance for employees amounting to $19.12 per ware- 
house, and about three fourths of this was charged to labor, the rest 
to office management. The line houses all carried liability insurance, 
but it has been included with office and management cost. 

Labor costs may vary, either because the rates of pay are different 
or because of difference in the amount of labor used per hundred- 
weight of potatoes handled. No analysis of labor costs which does not 
separate these two factors can be at all complete. The data needed 
for this are rates of pay by the day or hour, and days or hours worked. 
Such data were not obtained in the survey; in fact, can be obtained 
only as rough estimates by the survey method. In the analysis which 
follows, therefore, we shall consider directly variations in labor cost per 
hundredweight without taking up variations in rates of pay and hours 
per hundredweight. 

If we could assume that rates of pay were the same for all ware- 
houses, then labor cost per hundredweight would vary only because of 
differences in hours per hundredweight. The analysis which follows 
will roughly assume this. It will misrepresent the facts to the extent 
that rates of pay for hired labor vary in different warehouses, and to 
the extent that managers’ salaries are different for various warehouses, 
and to the extent that each warehouse uses a different proportion of the 
manager’s time at ordinary labor. A careful analysis of rates would, of 
course, show perhaps three different rates for the manager’s time, a 
high rate for time spent in buying and selling, a somewhat lower rate 
for time spent on the records, and a still lower one for time spent at 
labor. But even this latter rate would be higher than the rates paid 
for hired labor. 

LABOR COSTS PER HUNDREDWEIGHT 

Table XX VII shows that the range in labor costs is from less than 
4 cents to more than 11 cents per hundredweight. For all classes com- 
bined, over 50 per cent have labor costs between 5 and 7 cents per 
hundredweight, 18 per cent are under 5 cents, and 27 per cent are above 
5 cents. Relatively more of the line and independent warehouses have 
costs over 7 cents per hundredweight, and relatively more of the co- 
operatives have costs under 5 cents per hundredweight. But the two 
nighest labor costs are for co-operative warehouses. These high costs 
are very serious and must be reduced in most cases if the warehouse is 
going to succeed. Let us analyze the data to see the reason for the high 
costs and also for the low costs. It will not be possible, however, to 
single out all the reasons for the variations in labor costs. In the’ first 
place, not all the data needed are available; for example, as already 
explained, no data are available as to hours of labor and rates per hour;, — 
and there are many irregularities in the data obtained. 
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TABLE XXVII 
Rance 1n Lasor Costs PER HUNDREDWEIGHT, BY CLASSES OF WAREHOUSES 


Labor costs per No. in group 
hundredweight wine Co-operative Independent All 
Cents 
SPSS RRL ANS oehaaterals/ohe'e aves vtereie eter + 3 I I 5 
1 YOO SER ots aeons are sr I 6 I 8 
PHO COT aie lvispane sain o's 9 oie reil asl are oie 10 5 3 18 
PRU eee AG er aye land ie ial stove Mtofere «ncaa 9 9 3 21 
AME iEan CMMI aA eine ahelki avai sn) oat C0, 7 I 2 10 
POE MRO MEW era alec ato o\biayageteisa ao 6\/0,a-e 3 I oO 4 
eS TI MMfatietesteliat= sits ininisa)/oineyel sia ca\a:ve (eye! aia {6} I 2 RB 
RM ORNL Total evero alelle) «is, aicile ols (6! s\n) 2) ese ° I to) I 
SOIC Ls ouslie piso auslsicctars. <tr (v«is)le 6/0, «7 << ro) I oO I 
Oe ES NE SOBER FRCL RRC EE 33 26 12 7X 


Table XXVIII shows that difference in volume of business is one 
reason for difference in labor costs per hundredweight, but by no means 
the most important reason, as the labor cost for the 21 warehouses 
handling less than 10,000 hundredweight averaged only 2 cents more 
than for the group of 10 handling over 40,000 hundredweight, whereas _ 
the range in costs with any one volume group is anywhere from 4.2 to 
6.2 cents. Table XXIX shows that for the 12 independent houses 
there is scarcely any decrease in cost with volume of business. By 
the same sign, volume is a somewhat more important factor in determin- 
ing labor costs when line and co-operative warehouses are considered 
separately ; but still not the main factor. 


e 
; TABLE XXVIII 
RELATION OF VOLUME oF Business To LAzor Costs PER HUNDREDWEIGHT IN 71 WAREHOUSES 


Labor cost per cwt. 


Hundredweights No. in Labor cost per a - — 
(000’s omitted) group warehouse High Low Average 
; Cents Cents Cents 
ln Re Gee eS eee 21 $ 534 11.43 5-21 7.40 
BEENOPTO UES sconces ccs dees 17 714 9.56 4.61 5.95 
INES TORO Cyiaids sie c'aisie.s:3.+ 6 10 1059 7.29 3.02 6.03 
| BURA One tia ahevets ssa 0) 5s 13 1551 9.58 3-56 5.85 
MOANGNMOVED csc ences Io 3137 9.42 3°75 5-44 
BAL Lemrcfettngs rete yar ae, shen ey Bs $1205 11.43 3-02 5.89 


_, TABLE XXIX 


Lazor Cost PER HuNnDREDWEIGHT By CLASSES OF WAREHOUSES 
‘s 


. Line Co-operative Independent 
Hundredweights No, in Av.for | No.in  Av.for | No.in. Av. for 
(000’s omitted) group group group group group group 
. Cents Cents Cents 
MURS RLOPUO ici. ve icte cis <0 “14 7.22 5 8.19 2 6.52 
La Ras gt BF See CIS IRCRERE REE 5x0) 6.06 5 5.78 vO 5.88 
EID) die ir sisi cere ste iacnitis 6 5.67 4 6.52 bs ee 
PIN £0 FAO) afc oleusys s inye v0.0 apres ce 3.98 6 6.01 4 6.74 
> 40 and over .'...... bree ae ee 6 5.04 4 6.14 
JN eens Piers Natrn, 0: 33 5.88 26 5.65 12 6.33 
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One of the principal reasons for the irregularities in labor costs is 
the attempt to divide the manager’s time between labor and office man- 
agement. Yet this separation was necessary in order to reduce labor 
costs of line houses and other warehouses to a comparable basis, as such 
a large part of office and management work for line houses is done in 
the central office. If the three types of warehouses are considered 
separately, however, the payroll can be considered as a unit. This 
method of analysis will, therefore, be followed for a while. 
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PAYROLi PER HUNDREDWEIGHT --CENTS-. 
Fig. to. Payroll per Warehouse, Increasing with Volume of Business; amd Payroll per 


Hundredweight, Decreasing with Volume 
Figure 10 shows graphically the relation between payroll and 
volume of business for all warehouses. Curve B is drawn freehand 
approximately through the midpoints of the groups arranged on the 
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basis of volume. It therefore expresses in rough average form the 
way in which payroll increases with output. Curve A shows the same 
relationship expressed in the form of payroll per hundredweight. If 
any warehouse has a payroll or payroll per hundredweight seriously 
out of line with the curve in Figure 10, there should be a reason for it, 
a sound reason which can be justified before the board of directors. 


90,000 
85090 
80000 
75000 
70,000 
65,000 
60,000 


{ 


8 


a $ 
=3 
VOLUME IN HUNDREDWEIGHTS 


& 


$400 81000 $2000 ~ #3000 #4000 $5000 - #6000 


PAYROLL PER WAREHOUSE 

~ 11. Payrolls of Individual Co-operative Warehouses Compared with Average for All 
Warehouses of the Same Volume 

(The curve represents the average for all warehouses.) 


CO-OPERATIVE WAREHOUSES 
‘Let us examine some of the warehouses that are seriously out of 


fa 


ndredweight. The range in payroll costs per hundredweight is from 


40 TECHNICAL BULLETIN 28 


6.5 cents for those handling over 40,000 hundredweight to 11.5 cents 
for those handling under 10,000 hundredweight. This is a range of 
64 per cent of the average, which is to be compared with 56 per cent 
of the average for labor costs considered separately. (See Table 
XXIX.) The range within volume groups is correspondingly a little 
narrower, especially for the larger volumes. Figure 11 reproduces 
Curve B from Figure 10 and locates against the curve the 25 co-opera- 
tive warehouses. It will be apparent that in general the payrolls of 
co-operative warehouses do not vary greatly from the average. The 
small co-operative warehouses, however, those with volume under 
12,000 hundredweight, have lower payrolls than the average. Table 
XXX shows that this is because they pay their managers very low 
salaries. Table XX XI shows that the line houses in the volume group 
under 10,000 hundredweight paid their managers an average of $527, 
or $155 more than the co-operatives, and in the volume group from 
10,000 to 15,000 hundredweight, $715, or $111 more than the co-opera- 
tives. The line houses probably realize better than the co-operatives 
the importance of a skillful manager even for a small business. The 
small line houses also stored a few more potatoes than the small — 
co-operatives. x 


a TABLE XXX 
RELATION OF PayROLL To VoLuME or Business oF CO-OPERATIVE WAREHOUSES 
Per warehouse Per hundredweight 
; | 
Hundredweights No. Managers’ Other | 
(000’s omitted) in group salaries payroll Total High Low Average 
Cents Cents Cents 
Winder gro ite sie istic 5 $372 $506 $878 19.4 8.5 Tg | 
MOC MO rh Sarvs: cha mie ea anveP stoke 5 604 447 TOSI 15.7 6.5 9.1 bi 
ES gtOre2O” sactaeiodaee 4 QI 902 1813 13.1 8.7 9.8 | 
ZO! LOW AO. or ealate FS 6 8or ice ea 2228 Il.4 6.8 8.4 | 
OVerwdoO Mattie sere 6 1068 2881 3949 6.9 6.3 6.5 | 
— —— 4 — — a 
SAT. seotsrcoteramieihe 26 $780 $1205 $2075 19.4 6.3 7.8 ‘ 
| 
TABLE XXXI z 


ReELatTiIon oF PayRoti, To VoLUME or Business oF 33 Line Houses 


Per warehouse Per hundredweight 
Hundredweights No. Managers’ Other ; { 
(000’s omitted) in group salaries payroll Total High Low Average — 


Cents Cents Cents — 


Under mob ...2.6fe none 14 $527 $117 $644 13.6 7.8 I0.E 
TON tO: MT Sp Gas vie eer eae 10 i 715 495 1210 12.1 6.9 10.3 
Tidy CO DO Lk nace rae 6 1025 589 1614 11.0 6.8 9.5 
ZONAEO Me On aly Reser cualeestay Ors 3 T110 484 1694 7.3 6.7 6.9 
OS ea PON Se Cera cetline te cae Ca Y i 

Ue ea eenScaterccr kt 33 $729 $688 $1417 13.6 Os 9.4 


LOCAL POTATO WAREHOUSE ORGANIZATION 4l 


The co-operative warehouses whose payroll is a little high are 
Nos. 1, 4, 7, 15, and 16. For No. 1, this is solely because the manager’s 
salary is a little high for the volume of business handled. , The apparent 
reason for this is that less business was handled than was expected. 
Miscalculation of this is unavoidable. In No. 4, considerable storing 
was done, and the manager was hired for a longer period than ordinarily. 
For No. 7 it seems to be due to high labor costs, apparently partly to 
inadequate equipment. For No. 15 it is due to very high manager’s 
salary, and for No. 16 to very high labor costs. However, the plant 
seems to be well equipped, hence we must conclude that more labor was 
hired than needed, or that high wages were paid, or that the potatoes 
were very carefully sorted and graded, which may or may not have 
justified the extra cost. 

LINE HOUSES 

Figure 12 shows the location of payroll of the 33 line houses as 
compared with the average for the same volume. It will be noted that 
the payroll is higher than the average for the smaller volumes of busi- 
ness, and somewhat smaller than the average for volumes of business 
between 15,000 and 20,000 hundredweight. Table XX XI gives the data 
for this. Apparently the salary of the manager is responsible for most 
of the higher payrolls. In every volume group, but especially in the 


_ smaller ones, managers’ salaries are higher than for co-opera‘ive ware- 


houses. On the other hand, other payroll costs are lower—for the 14 
co-operative warehouses handling less than 20,000 hundredweight, they 
average $598; for the 30 line houses of the same volume group, $371. 
As already pointed out, the managers of the line houses themselves do 
more of the work of handling the potatoes. Apparently 10000 
hundredweight or less can be handled by a manager of a line house 
with little or no extra labor; and above 10,000 hundredweight, about 
as much extra labor is needed for 12,000 as for 20,000 hundredweight. 
Utilization of labor is, therefore, partly a matter of adjustment of 
labor to volume of business. The co-operatives are apparently more 
likely to over-estimate volume of business than the line houses. 

The line house payrolls most out of line are Nos. 58, 66, 67, 68, 
and 69. No. 58 operated ona combined commission and salary basis 


ia and had a low cost for other labor. Apparently the manager worked 


hard. The salaries of Nos. 68 and 69 were both low for the amount 
of business handled. The line houses show a slight tendency not to 


proportion salaries to larger volumes of business. No. 66, however, is 
-acase to the contrary. The payroll of No. 67 is due to high extra labor 


costs. This warehouse handled 18,000 hundredweight practically 
without equipment. : 
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The range in payroll cost per hundredweight for line warehouses is 
less than for co-operatives because the range in volume is less. For 
the same range in volume, it is greater.if the group of three largest 
volumes is included, but otherwise less. The range between high and 
low costs is also less for the line houses. This is in keeping with the 
common observation that line companies tend to standardize their costs 
more than do independents and co-operatives. 


© 300 1000 1500 2000 2500 3000 
PAYROLL PER WAREHOUSE 


Fig. 12. Payroll of Line Houses Compared with Payrolls of All’ Warehouses of the 
Same Volume 


The average payroll costs per hundredweight are 1.6 cents higher 
for line than for co-operative houses. For those under 20,000 hundred- 
weight, however, the line house payroll costs are 9.7 cents per hundred- 
weight, and the co-operatives’ 10.2 cents per hundredweight. If the 
group 20,000 to 40,000 is included, the line houses will appear still 
more to advantage. 

It should be pointed out here, however, that the manager of a co- 
operative house has more responsibility than the manager of a line 
house, and handles a larger proportion of the actual selling of the 
DOK ALOES: 
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INDEPENDENT WAREHOUSES 


There are not enough independent warehouses to give a good dis- 
tribution, but it is obvious from Figure 13 that any sample taken would 
_ show more variations than for the other classes. The principal reason 
_ for this is that the operators of independent warehouses were erratic in 
_ estimating salaries for themselves. Apparently they did not standardize 
their salaries high on the whole. Nos. 27, 28, 33, 35, and 38 were 
especially low in their estimates. 


$400 #81000 $2000 $3000 #4000 $5000 $6000 


Fig. 13. Payrolls of Independent Warehouses Compared with Payrolls of All 
Warehouses with the Same Volume 


Table XXXII shows that other payroll costs average $452 for the 
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The four large independent houses handled an average of 52,357 
hundredweight (see Table X) with payrolls averaging $3220; the 
6 large co-operatives handled an average of 61167 hundredweight with 
a payroll cost of $2881. The comparison for the 20,000 to 40,000 
hundredweight group is about equally favorable to the co-operatives. 
Hence, in spite of a considerably larger average volume of business the 
independents show higher total payroll costs per hundredweight than 
the co-operatives. The 4 small independent houses show low costs, 
but the operators estimated their salaries at an average of only $312. 


TABLE XXXII 


RELATION OF Payroty To VoLtuME oF Business, INDEPENDENT WAREHOUSES 


Per warehouse Per hundredweight 
Hundredweights No, Managers’ Other 2 
(o00’s omitted) in group salaries payroll Total High Low Average 
Cents ‘Cents. Cents 
LUPE S Oe token Ero 2 $220 $361 $581 9.6 8.4 8.8 
OREO ECS marie cnomate aware: 2 605 542 1,147 9.0 72 8.1 
TS LO. eG) metelaeul Murs Seatea ger arate eave aprtate vows ee os 
BOLO AO! tntyuie teccmn 4 1060 1800 2,860 14.5 6.5 9.8 
OVER AON wo eats cence 4 825 3220 11,445 10,2 4.9 > yp 
BAT, see Naets a eects 12 $766 $1657 $2,423 14.5 4.9 eter 


The costs for No. 32 are high because of a high estimated salary, 
and of Nos. 37 and 38 because of high payroll costs. To illustrate the 
difference in this respect, No. 38 handled 176 cars with payroll costs 
of $1882; No. 34, 105 cars at $2397; No. 37, 142 cars at $3416; and 
No. 36, 134 cars at $4392. This is a range from 3.3 cents to 9.4 cents 
a hundredweight. 

TWO DIMENSIONS OF PAYROLL 


It will be apparent from the foregoing discussion that a payroll 
may be high for a given volume either because too much labor is em- 
ployed or because wages and salaries are high. It is not possible, with 
the data obtained in the survey, to show which of these is the more 
important cause in each case. In general, however, variations in 
amounts of labor used is the more important of the two causes. This 
means that warehouse managers need to look to the amount of labor 
employed as a source of high labor costs in many cases. Better and 
more complete equipment would help in many cases; in others, a better — 
estimate in advance as to the amount of business to be handled. 


DISTRIBUTION OF LABOR COSTS 
Labor was distributed to the five processes on the basis of the 
manager’s estimates of the actual division of time of the different — 
employees between different operations. The data in Table XXXIII_ 


i 
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therefore indicate the distribution only in a general way. Warehousing 
and sacking seem to be the most time-consuming operations, and con- 
stitute nearly two thirds of the total. The operations of receiving 
the potatoes and loading them into cars represent less than one fifth 
of the total. Different warehouses vary greatly in the proportion of 
labor used for different operations, depending upon equipment, arrange- 
ment of warehouse, amount of storing, and the like. 


TABLE XXXIII 
DistrRiBUTION oF Lagor To PROCESSES 


Line Co-operative Independent All 
Operation oe 
Amount Percent Amount Per cent Amount Percent Amount Per cent 

RECEIVING) Loe oo! cfc ne ales $ 38 5.4 $124 8.2 $120 6.2 $ 83 6.9 
MOT RONERS ae erty Ja oy hie ial ated 126 18.1 301 19.9 340 17.5 22 18.8 
Pee Mla, Tact @ cesar 186 26.7 410 27% 545 28.1 329 27.3 
Warehousing ........ 271 39.0 496 32.8 702 36.2 427 35.4 
Koading cats <...... 75 10.8 181 12.0 233 12.0 140 11.6 

SEG) SEs ea ee $696 100.0 $1512 100.0 $1940 100.0 $1205 100.0 


OFFICE AND MANAGEMENT COST 


Table I shows that office and management cost represents 26.7 
per cent of all costs. It is thus a more important cost classification than 
labor. Of the $1554 charged to office and management for line houses, 
$996, or 64 per cent, represents central office costs distributed to the 
local line houses. The records of the central office charged the more 
direct expenses to particular local warehouses, but did not distribute 
salaries and similar items. These were prorated between locals arbi- 
trarily on the basis of hundredweights of potatoes handled. This was 
not an entirely satisfactory basis of allocation, as some of the services 
performed in the central office did not vary with volume and, therefore, 
might better be allocated on a per warehouse basis. The correct pro- 
cedure in such a case is to classify the time of the central office 
employees according to the basis on which it should be allocated, and 
to handle each classification in its proper way; but this ordinarily 
requires more detail than is possible with survey methods. The effect 
of using this method was, of course, to reduce the range of variations 
in office and management for line houses, especially the variations with 
volume. 

None of the data for office and management cost, however, are 
very accurate. One reason for this is the one already pointed out, 
namely, that the payroll had to be divided more or less arbitrarily 
between labor, and office and management. 

Table XXXIV shows the elements in office and management cost. 


_ Management cost includes the cost of that part of the time of the 
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manager which is devoted to buying and selling and directing the work 
of the other employees. Office cost includes the cost of that part of 
the time of the manager which is devoted to records and corre- 
spondence; also the salaries of the office helpers of all kinds, and such 
expenses as stationery and office supplies, telephone and telegraph, and 
the like. Table XXXV shows the division of office and management 
costs of line houses between the central office and the local units. The 
largest item of expense is salaries of managers, officers, and office em- 
ployees, amounting to 59 per cent of the total. For the line houses, 
the salaries assigned to the central office, $454, represent 29 per cent 
of the total; the salaries of the local management, $409, represent 
26.3 per cent; and the salaries of the office help, $128, all in the central 
office, represent 8.2 per cent. The total of these is $863, or 55.5 
per cent. 


TABLE XXXIV 
ELEMENTS IN OFFICE AND ManaGEMENT Costs By CLASSES OF WAREHOUSES 


Line Co-operative Independent All 


Amount Percent Amount Per cent Amount Percent Amount Per cent 


Officers’ salaries ..... $ 60 3.9 $ 47 4.9 $ 84 6.3 $ 59 4.5 
Managers’ sallaries ...., 675 43-4 492 50.9 587 44.0 593 45.6 
Office salaries ....... 128 8.2 67 6.9 65 4.9 95 7.3 
Office supplies ....... 28 1.8 48 5-0 56 4.2 40 Sud 
Telephone and telegraph 133 8.6 61 6.3 201 15.1 LTS), Ose 
Market service ...... 40 2x reg ES. [2 15 Ten 25 1.9 
Taberescum ene ae 118 7.6 138 14.3 IOI 14.3 138 10.0 
Miscellaneous ....... 372 23-9 IOI 10.5 135 10.1 233 17.9 

TL OUAL ciate tc states $1554 100,0 $966 100.0 $1333 100.0 $1301 100.0 


TABLE XXXV eq} 
Division oF OrricE AND MANAGEMENT CosTs PER WAREHOUSE BETWEEN CENTRAL OFFICE AND 
Loca WAREHOUSE FoR 33 Linz Houses 


A 


Central office Local warehouse 


Amount Per cent of total Amount Per cent of total 
Officers’= salaries? 0s tugs bse cai Ga $ 60 (5:4 , j 
Managers’ salaries ........ epdosnt 266 23.9 $409 93.0 
CPG CEM SeBATIES, \ Fithnfina reeten ie ast eee 128 11.5 
OMicersiipplics karla catislrn annem 28 2.5 
Telephone and telegraph........... 122 10.9 II 2.5 
Market service Wu< 2 O05 gies stelecere seers 40 i 3.6 
STATE ESE Titre ete 4c etter er cittoncia pWexepwnai-e hte 118 10.6 
Miscellaneous: ayes niin sioinvs ste ees 352 31.6 20 4.5 
Totale 4. can oars certk oem bain Rook $ri14 100.0 $440 100.0 


The next largest item is interest. This represents interest actually 
paid on funds required to carry on the current business of the ware- 
house, plus interest at a similar rate on any funds belonging to the 
business and used in the same way. It is interest on what may be called — 
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2 the “quick assets” of the business. These funds are tied up during the 
operating season in potatoes, sacks, labor, and other current inventories. 
For the co-operative houses, most of this quick capital was borrowed ; 
for the line houses, more of it was owned than borrowed. 

Office salaries represent salaries of bookkeepers or secretaries paid 
by 7 co-operative warehouses and by one independent warehouse, aver- 
_ aging $314 per warehouse for the 8. If one very high salary is omitted, 
the average for the other 7 is only $240. For all other co-operatives and 
independents the records and accounts were kept by the managers. 
The effect of employing special help for this in the case of the 8 ware- 
houses was simply to release more of the manager’s time for labor at 
handling potatoes. 

A comparison of office and management expenses for the three 
classes of warehouses shows that they are much higher for line houses 
than for co-operatives and independents. The items mostly responsible 
_ for this are managers’ salaries, office salaries, and miscellaneous. The 
_ salaries of the local managers of line houses are lower than those of the 
managers of co-operatives, but to these local salaries must be added $266 
as the prorated share in the salaries of management in the central office. 
Office salaries in the local warehouses are the salaries of those who 
_ handle the records and accounts and correspondence in so far as it is 
- not done by the managers themselves. In a line-house organization, 
- as much as possible of this record keeping and correspondence is 
| handled in the central office. The cost of record keeping and manage- 
ment is higher for the line houses for two reasons, one is that better 
’ records are kept, and the other that the central office of a line-house 
e organization is a selling organization. As already explained, the co- 

_ operative houses’ sell only a small part of their potatoes themselves, 
, _ whereas a line-house organization sells nearly all. It has not been pos- 
sible in the survey to determine the central market selling expenses of 
_ individual co-operative and independent houses, but later in the bulletin, 
| some rough averages will be given as to the amount of such costs 

_ which will make possible a general comparison with line-house selling 
| expenses. At this point in the analysis, the reader must keep in mind 
_ that the office and management costs of the line-house organizations | 
_ represent much more service than the office and management costs of 
.a most co-operative and independent warehouses. 

This also accounts for the much higher miscellaneous costs of the 
line houses. Included in the miscellaneous costs of the central office 
} are such items as automobile costs, traveling expenses, advertising and 

_ publicity, insurance, postage, exchange, depreciation on furniture and 
fixtures, office rent, and wages of yard men. A local co-operative or 
- independent warehouse incurs some of this expense, but usually the 
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items are small, especially if the local is doing little of its own selling. 
as is usually the case. It will be noted that the miscellaneous expense 
of local line houses is only $20 as compared with $1o1 and $135 respec- 
tively for co-operative and independent warehouses. This indicates 
that the central office of a line-house organization takes over most of 
the functions which cause co-operative and independent warehouses to 
incur the various miscellaneous expenses. 

The central office, it appears, takes over the whole burden of fur- . 
nishing the quick capital of the business. Telephone and telegraph and 
market service costs of the line-house organizations are also appreciably 
higher than for the other classes of warehouses, which is what one 
would expect in view of the extra selling service performed. 

It is rather significant that altho the absolute office and manage- 
ment payrolls per warehouse of line-house organizations are somewhat 
larger than for the other classes of warehouses—$863, as compared 
with $606 for co-operatives, and $736 for independents—the ratio of 
payroll costs to total office and management costs is relatively low 
(55.5 per cent) as compared with 62.5 per cent for co-operatives, and 
55.2 per cent for independents. When these various costs are reduced 
to a hundredweight basis, however, the comparison takes on a quite 
different aspect. 

OFFICE AND MANAGEMENT COST PER HUNDREDWEIGHT 

Table XX XVII shows that the average office and management cost 
per hundredweight for the 71 warehouses was 6.4 cents, and that the 
range was from 1.3 to 17.9 cents. Table XXXVI shows that the office 
and management costs for co-operative and independent warehouses 
were nearly all under 8 cents per hundredweight, and for the Ine 
houses, all were over 8 cents per hundredweight. Table XXXVIII 
shows that the average for co-operatives was 3.6 cents; for ide- 
pendents, 4.3 cents, and for line houses, 13.1 cents. The smaller 
volume of business handled by the line houses makes this cost very 
high when reduced to a hundredweight basis. As already explained, 
this is in large measure due to the fact that the line-house organizations 
do their own selling, whereas the others hire it done. That this is not 
the whole explanation is indicated by the fact that the cffice and 
management payrolls of the local line houses alone were 3.5 cents per 
hundredweight, as compared with 2.6 cents for co-operative, and 2.4 
cents for independent houses. 


LOCAL POTATO WAREHOUSE ORGANIZATION 49 


TABLE XXXVI 
RANGE IN OFFICE AND MANAGEMENT Cost, BY CLASSES OF WAREHOUSES 


No. in group 
Cost per cwt. 


Line Co-operative Independent All 
Cents 
Git ety eee Co) 3 2 5 
ME CEES A SS i ratar sat alis teifarave-<cc to) 8 3 II 
PeMRES WG SE rots eo aire o\asoig 0) 10 2 12 
ReMi acrra Maa oh aifety x, ccaicon o 4 3 7 
BLOOM een acd face 4 I 2 4 
BACK ChRGE OMB e ne one stp bares) aia's eis 7 fo} oO 7 
NPE 1 ics y ta seia) Gjaetlw\s) sie ye II oO fo) II 
AME ORMOL Sao .c atest 6s 7 ° co) 7 
REO ML OP Guach mare treeari cn sfiye)-e" 4 fo) () 4 
PSB reset Sicha tos ayes 'n.5 5 33 26 12 vias 


TABLE XXXVII 
RELATION OF. VOLUME OF Business Tro OFFICE AND MANAGEMENT Costs PER HUNDREDWEIGHT 
FOR 71 WAREHOUSES 


Per hundredweight 


Hundredweight No. Per os 
(000’s omitted) in group warehouse High Low Average 
Cents Cents Cents 
Neeser Oats: vccteajexetcliisrats Goss 6 he's 21 $710 1529 2.7 9.8 
TREO melotettels eiiols ayereseig. chels eieys os 8\8 I7 1277 17.9 3.3 10.7 
EMMA Olt tatcnatcicusys .srsereis uly. « 0.2) 6c. 10 1761 16.0 2.2 10,0 
EAC RAGA ONS pie syalerpitiels «talsidie.cieie se 13 15901 12.7 1.9 6.0 
CES Detect 10 - 1739 Be Leg 3.0 
IORI A SRNR ee icbrs dt wes a qi 1300 17.9 1.3 6.4 


TABLE XXXVIII 
Orrice AND ManaGEMENT Cost PER HUNDREDWEIGHT BY CLASSES OF WAREHOUSES 


- Line Co-operative Independent 
Hundredweights — 
- (000’s omitted) No. in Average for No.in Average for No.in Average for 
‘ group group group group group group 
; Cents Cents Cents 
TAG. GS hai) te ee 14 mona s 5.2 2 4.9 
EGRET OV MREE Sp Pacha Tosfryynhere| «nx sec. > 10 14.5 5 5.0 2 6.1 
MME ORIOOR yi cists(aieleslacls v0 ces 6 13.5 4 (323) an a 
BCMITO REA OM acy isiete  feiviviiess. 034) 6 +46 3 11.6 6 3.8 4 5.7 
AURAL TOM EL Vie\rane seh yn) seae,.01 = 0 2S ee 6 2.8 4 3-3 
DAE OS On 33 Pi 3 Nt 26 3-6 12 4.3 


_ The correlation of office and management cost with volume of busi- 
ness in Table XX XVII is misleading in view of the fact that a majority 
of the small warehouses are line houses which did ther own selling, 
and most of the large houses are co-operatives and independents which 
lid little or no selling. This same correlation, however, is indicated in 
Table XX XVIII by classes of warehouses. For the co-operatives, the 
office and management costs of the largest 6 warehouses handling an 
: average of 61,166 hundredweight were 54 per cent of the same costs of 
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the smallest 5 handling an average of 7631 hundredweight. For the 
independents, the same costs for the 4 largest, handling an average of 
52,357 hundredweight, were 67 per cent of the costs for the 2 smallest, 
handling an average of 6606 hundredweight. The analysis for the dif- 
ferent warehouses of the line houses is of very little value, for the 
reason already given, that the central office costs, constituting 72 
per cent of the total, were mostly prorated to the different warehouses 
as a flat rate per hundredweight. The small decrease in costs per 
hundredweight with volume that does appear, is mostly due to varia- 
tion in local office and management costs, chief of which is the salary 
of the manager. 

Figure 14 shows graphically the relation between volume of busi- 
ness and office and management costs per warehouse (Curve B) and 
per hundredweight (Curve A) for the co-operative and independent 
warehouses ; and shows the location with respect to Curve B for each 
of the co-operative and independent warehouses. The distribution is 
rather irregular, and the number of cases is hardly adequate to furnish 
the basis for such a curve. A principle reason for the irregularities is, 
of course, the errors made in dividing payroll between labor and office 
and management, The diagram itself, however, furnishes a rough 
basis for testing the office and management cost of any local warehouse. 
Curve C represents a rough average by volume of the local costs of 
line warehouses. It is interesting to note that office and management 
costs increase more rapidly than volume of business for warehouses 
under around 10,000 hundredweight. Curve A in Figure 10, repre- 
senting payroll, showed a slight tendency of the same sort. It now 
appears that this tendency was derived from the office and management 
part of the payroll. This is in keeping with general observation and 
experience with respect to management cost in small business units. 
The very smallest units in the fields of both merchandising and manu- 
facturing, are managed with very little tangible outlay for management 
—what managing is needed can be carried on incidentally to the labor 
part of the business. A point in size is soon reached, however, at 
which considerable special time must be used for managing, and it is 
usually at a point not far beyond this that per unit management costs 
are highest. Above this point, unit management costs frequently de- 
crease even more rapidly than unit labor costs. In this case, of course, 
the condition resulted because the managers of very small warehouses 
designated a very small part of their time as used especially in © 
managing. ” 

When individual records are examined in more detail, further 
reasons are noted for some of the wide variations that occur. No. 42, 
for example, employed a bookkeeper at a salary of $930, altho handling — 
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only 18,000 hundredweight of potatoes. No. 15 paid its manager 
$1500, altho handling only 21,000 hundredweight. A small sideline 
business was made the excuse for hiring a full-time manager. Did it 
pay’ At the other extreme is No. 25, which handled 67,000 hundred- 
weight with a $350 manager, and interest and all other costs low in 
proportion; and No. 21, which handled 41,000 hundredweight with a 
$300 manager, only $50 interest, no market service, and a negligible 
telegraph expense. 


2000 2500 3000 
OFFICE AND manus cost es babe “DOLLARS” f 
3.0 4.0 
OFFICE AND MANAGEMENT COST PER HUNDREDWEIGHT “CENTS” 


z Fig. 14. Average Office and Management Costs of Warehouses, by Volume of Business 


These are, of course, only costs—they do not indicate the amount 
and quality of the service that was rendered in return for the expenses 
incurred. For No. 26, for example, office and management costs were a 
little high. This warehouse sold practically all its crop direct to farm 
bureaus and dealers in the Corn Belt. No. 38, whose costs are also 
high, sold all but one car direct to retailers. But No. 22 had low costs 


52 TECHNICAL. BULLETIN 28 


and yet sold its crop either on track, or direct to retailers. On the 
other hand, both No. 12 and No. 15, already mentioned, sold mostly 
through the Minnesota Potato Exchange. However, in spite of these 
irregularities, office and management costs show the effects of different 
methods of selling. After allowance was made for difference in 
volume of business, 16 of the 38 co-operative and independent ware- 
houses, represented in Figure 13, which consigned all or most of 
their potatoes to commission firms, brokers, the Minnesota Potato 
Exchange, and the like, had average office and management costs 14 
per cent under the average; 10 which sold mostly on track had average 
office and management costs 3 per cent above the average; and 6 which 
sold mostly direct to retailers, farm bureaus, and the like, had average 
office and management costs 33 per cent above the average. ‘This 
means that for a co-operative or independent warehouse the office and 
management cost of selling an average volume of potatoes (20,449 
hundredweight) direct would have been 5.3 cents per hundredweight ; 
selling on track, 4.0 cents per hundredweight ; and consigning, 3.3 cents 
per hundredweight. This represents a difference between the two 
extremes of 2 cents per hundredweight, or about $7 per car. 

Differences in selling methods are one of the principal reasons for 
variations in sevetal of the elements that make up office and manage- 
ment cost, especially telegraph and telephone, market service, manager’s 
salary, and interest. Telegraph and telephone and market service cost 
the 38 independent and co-operative houses about 0.43 cent per 
hundredweight; and the 6 doing mostly direct selling, 0.53 cent per 
hundredweight, even tho they handled one half more business. Office 
and management salaries represent as high a rate per hundredweight 
for the 6 handling an average of 42,000 hundredweight, as for the 38- 
handling an average of 28,000 hundredweight ; and the same is true of 
other office costs. The average interest cost on working capital was 
0.56 cent for the 38, and 0.61 cent for the 6 doing direct selling. The 
warehouses handling a larger volume apparently secured a more rapid 
turnover for their working capital. . 

Interest costs, however, are more dependent upon buying methods 
than upon selling methods. For the line houses buying a small volume — 
altogether for cash and doing a relatively large amount of storing, the 
average interest cost for working capital was 1.0 cent per hundred- 
weight; for the independent houses, which bought a much larger 
volume mostly for cash, the average was 0.62 cent per hundredweight; 
for the 26 co-operatives handling a somewhat smaller volume and 
many of them pooling, 0.52 cent per hundredweight; and for 9 co- — 
operative warehouses which pooled and sold mostly through the Minne- 
sota Potato Exchange, only 0,15 cent per hundredweight. 


| 
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There are, however, wide variations in interest and other costs due 
to other causes than buying and selling methods. One warehouse in- 
eurred interest costs of $850 on 161 cars, buying for cash and selling 
entirely on consignment; another, only $209 on 230 cars, buying for 


_eash and selling direct. The former stored only 42 cars and the latter 


52 cars. Interest is a cost that needs to be watched very closely. -As 
already indicated, only 7 of the 38 warehouses paid special salaries for 
bookkeeping. Only 19 incurred any appreciable expenses for market 
and telegraph service, and the range in the amounts paid for such serv- 
ice was all the way from 50 cents a car (60 cars for $30), to $3 per 
car (15 cars for $45). One warehouse paid $435 for market and tele- 
phone service on 230 cars; another $210 for such service on I61 cars. 
Office supplies ranged from a few dollars to $159 for a warehouse 
handling only 51 cars. Included in miscellaneous costs- are several 
items which varied greatly, for example, advertising and publicity, an 
expense incurred by only 11 of the 38, and ranging as high as $45 for 
a warehouse handling 28 cars. 

An attempt was made to separate office and management cost be- 
tween office and management. Office none was defined to include 
everything except that portion of the manager’s time which was devoted 
to buying and selling, supervision, and the filee: Each manager was 
asked to estimate the division of his time between management and 
work on the records and accounts. Table XX XIX presents the results 
of this division. For all warehouses, the cost of management was 3.07 
cents per hundredweight; of office, 3.13 per hundredweight, divided 
between 0.56 cent per hundredweight for time of the manager and 
2.57 cents per hundredweight for other office costs. This calculation 
assumes the same rate for the manager at both types of work, which 


is not a proper assumption. The managers of co-operative houses 
spend relatively more of their time at office work than those of either 


line or independent warehouses. For both co-operatives and inde- 
pendents, the offsce is a larger cost than management. This is because 


it ineluded, in addition to the items mentioned, the two large elements : 


interest, and market and telegraph service. 


TABLE XXXIX 
Division of Orrice and MANAGEMENT Cost BETWEEN OrricE AND MANAGEMENT 


MICHELS) s salary 


—--—---- Other Per 
iMemeeniens Office office hundredweight 
Class Oo 

Per Per Per All 
ware- Per ware- Per ware- Per manage- All 
house cwt. house ewt. house cwt. ment office 
Cents Cents Cents Cents Cents 
PEAME 0. eee eee $273 2.30 $135 Tata $620 Aare 6.45 6.40 
Co-operative ........ 349, 1.30 141 0.53 404 0.27 1.57 2.04 
# Independent ........ 463 1.52 0) 0.00 538 0.78 1.23 1.76 


All Deer i eRe siseat rie $333 1.62 $114 0.56 $526 2.5%, 3-07 3-13 
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Table XL attempts to show the distribution of office and manage- 
ment cost to processes. This table is to be interpreted more as indicat- 
ing, in a general way, the authors’ judgments as to how office and 
management cost is probably distributed than any definite results of 
statistical and accounting analyses. Some of the elements of office and 
management cost, it is true, could be definitely charged to buying, sell- 
ing, and, in some cases, to warehousing ; but for others this was not the 
case. In the latter class, especially were office and management salaries. 
The manager’s office and management time was distributed first be- 
tween buying, selling, and supervision, on the basis of his own estimates 
largely. Record keeping was considered as a part of buying and 
selling. The average distribution resulting was about as follows: 
buying, 25 per cent; selling, 35 per cent; supervision, 40 per cent. 
Next, supervision was distributed to receiving, grading, sacking, ware- 
housing, and loading cars in proportion to the amount of labor used by 
each, it being assumed that supervision was more nearly proportional 
to labor than to space or equipment, or to all three combined. The 
assumption is, of course, not altogether sound—grading, for example, no 
doubt takes supervision out of proportion to labor—but it comes near 
enough to the truth for the purpose in hand. The errors resulting 
probably will not seriously affect the process-cost analysis, as office and 
management is so small a part of all of them except buying and selling, 
and makes up all of buying and selling. 


TABLE XL : : 
DistRIBUTION OF OFFICE AND MANAGEMENT Costs TO PROCESSES 
Line Co-operative Independent All 
Process - 
Per cent Per cent Per cent Per cent 
Amount of total Amount of total Amount of total Amount) of total 
Bargingiontiss sas nee a $544 35 $265 28 $403 bo -_- $4x8 32 
PROCOLVIE™ wre Siew sscisie op = Il i 19 2 16 I 14 I 
Grading) “Sate. anasse 34 2 Sour alG 48 4 46 4 
Backing. > ecieesc camlcstes 53 3 ru 8 80 6 66 5 
Warehousing * . 05... ..% 71 5 100 Io QI 7 86 Wh 
Loading cars ......... 22 I 27 3; 36 3 26 2 
ellstig oe sewer yt 819 ie) 419 43 660 49 645 49 
bi De? Ulta aiea tenets Son ot $1554 100 $966 100 $1333 100 $1301 r00 


SALARIES OF MANAGERS 


Table XLI shows the range in salaries of managers by classes of 
warehouses. Only five are over $1500, and all of these except one are © 
for co-operative managers. The three highest salaries are $1700, | 
$1800, and $2400. In three cases where considerable sidelines were — 
handled, part of the salary was set aside for the sideline business. The — 
salaries given are therefore for the potato business only. -¢ 


+ 


a LOCAL POTATO WAREHOUSE ORGANIZATION 5 


on 


In small warehouses, a large part of the manager’s salary is merely 
_ wages of labor, and the same is true to some degree of the manager’s 
salary in even the very large warehouses. The management is un- 
doubtedly paid a higher rate than labor; and this should cause man- 
agers’ salaries to tend to increase more rapidly than volume of business. 


TABLE XLI 
Rance 1n Manacers’ SAvLaries By Crasses oF WAREHOUSES 


No. in groups 


Annual 

salaries Line | Co-operative Independent All 
3 UOO CON PRZOG oe soo ciisieies « 3 3 I 7 

300 to GG Mast cre apotie acer 7 6 4 17 
ie 600 to (S10 pica ee OG 14 5 4 23 
o MO LONE TAO ON aia\= nce inte crekarne = 6 6 I 13 
Me, RAGORNOUETSOO™ brie. © sieiele cs © 3 2 I 6 
a aR OOMATNOVER™ .fcture sh aes 4 I 5 
ra —s — a = 
ae NW Sh See ote a 33 26 12 71 
+ -_ Table XLII shows that this effect is very evident with warehouses 
_ handling less than 15,000 hundredweight, and especially with those 
i . a ° . : 
_ handling less than 10,000 hundredweight. Above this point, however, 
fie, . . oqe * 
this effect is more than offset by the better utilization of management 


itself. This table can serve as a rough general guide to salaries for 
warehouses with various volumes. The salaries given are only aver- 
ages of salaries actually paid. Probably all are a little high for the 
volume indicated because the potato crop was short the year of the 
survey. Salaries of line and co-operative house managers are about 
the same over 15,000 bushels. Under this point, line-house salaries are 
about 10 per cent under the average, and co-operative warehouse sal- 
aries about 10 per cent above the average. The reason for this is that 
the line-house managers do not have as many records to keep, and do 
not have as much responsibility. 


TABLE XLII 
VARIATION IN SALARIES OF MANAGERS WITH VOLUME oF BuSINEss 
Salaries 
Volume 
Line Co-operative Both yy 

S00) nos SSE Beers $ 325 $ 375 $ 350 
OsOGOE tele) x iapaisies) <r Cree ROIS 650 750 700 
THyOOO veces cece rec cen ee foYoya) 950 925 
ZOSGOOE ai) eccele 5) loinsi 7 MOE 1050 1050 1050 
! 253000. vaneeasiaes een esene T125 I125 1125 
POO OPM crcket ater aia aya kis wale es 1200 1200 1200 
40,000 cs eeereeceeere saeee 1350 1350 1350 
50,000 ee ae ae he a lslageiessietelns a2 500) 1500 1500 
GOjO00) | whee ee nee acpi. 1650 1650 1650 
PIVOOD LMR, Meiacsiere. seer e ah typ eet 1800 1800 1800 
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OTHER DIRECT COSTS 

Other .direct costs include a miscellaneous group of items not 
properly included under the four principal elementary costs, because 
they vary for different reasons, or because they are not proratable to 
processes on the same basis. 

Table XLIII lists these items and shows their relative importance 
for the three classes of warehouses. By far the largest item is sacks, 
tags, and twine, which is 92.7 per cent of all-other direct costs, and 
26.8 per cent of all warehouse costs. 


TABLE XLIII | 
ELEMENTS IN OTHER Direct Costs 


Line Co-operative Independent All 
Items of cost a eee 
Per cent Per cent Per cent Per cent 


Amount oftotal Amount oftotal Amount of total Amount of total 


Sacks, tags, and twine $678 89.0 $1753 94.2 $2060 93.5 $1306 92.7 
Nel) Frente Screven, Micrel 40 5.2 63 3-4 87 327] 56 4.0 
Insurance on potatoes. . 13 1.7 19 1.0 6 0.3 14 1.0 
Rent of scales........ 12 1.6 2 0.1 Ry aien nitions 6 0.4 
Car linings... 22.050. 7 0.9 20 Det 44 2.0 18 D3 
Drayage on potatoes.. 3 0.4 + eae eats 10 0.5 3 0.2 
Miscellaneous ....... 9 1.2 3 0.2 rraita aveiene 5 0.4 

Lotalteas rte suckled >» $762 100.0 $1860 100.0 $2204 100.0 $1408 100.0 


The ordinary range in other direct costs is from 5.5 to 8.0 cents 
per hundredweight of potatoes handled. The extreme variations are 
probably due to errors in inventory and the like. The average for line 
houses is 6.4 cents per hundredweight; for co-operatives, 7.0 cents; for 
independent houses, 7.2 cents; and for all combined, 6.9 cents. 

Sacks, tags, and twine costs should be proportional to volume, except 
for difference in purchase price due to buying at different times, or 
buying in larger quantities as practiced by some of the larger houses. 
The average for the larger houses was, however, not quite one cent per 
hundredweight less than for the smaller houses. The average for the 
line houses was 5.8 cents; for the co-operatives, 6.6 cents; for the inde- 
pendents, 6.7 cents; and for all combined, 6.4 cents. 

The remainder of the other direct costs average only $102 per ware- _ 
house, being slightly higher for the line houses than the others, princi- 
pally because of higher fuel and insurance costs. 

Most of the cars are already lined when they reach the warehouses, 
the managers preferring to ship on this basis. Even when they are 
lined by the local warehouses, the linings may be returned and used 
again several times. The car linings cost given is for 37 warehouses — 
which did more or less car lining on this basis, most of them only — | 
a little. 
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Drayage cost is for hauling potatoes by only three warehouses, and 
amounted to $70 per warehouse for these three. 

Rent of scales is for seven warehouses which paid for having their 
potatoes weighed on public scales, or rented scales for the season. Th2 
average cost for the seven warehouses was 0.5 cent per hundredweight. 

Insurance on potatoes was paid by twenty-five warehouses, mostly 
line houses doing considerable storing, and amounted to 0.5 cent per 
hundredweight of potatoes stored. 

Miscellaneous costs consisted of an assortment of unusual items, 
chief of which were traveling expenses, collection of claims, miscel- 
laneous freight and express. 

These other direct costs were distributed as follows: 

Sacks, tags, twine, and drayage were not distributed. 

Fuel was distributed on the same basis as building and site. 

Insurance on potatoes was charged to storage. 

Rent of scales was charged to receiving. 

Car linings was charged to loading car. 

Drayage on potatoes and miscellaneous were combined and carried 
as a miscellaneous item in the final distribution to processes. 


PROCHSS) COSTS 


In this section of the bulletin, the elementary costs will be dis- 
tributed so far as possible or feasible to the several processes named in 
Table I, in order to furnish a method for closer analysis of the reasons 
for variations. Equipment cost, for example, has to be studied by 


individual items of equipment before much can be done in the way of 


_ reducing it. The warehouse which gets the fullest use of its graders, 
dump scales, and conveyors will have the lowest equipment costs, 
prices of equipment being the same. The same is true of labor and 
building space. 

5 The data obtained in the survey, however, were not sufficiently com- 
| plete to make such a detailed analysis possible in most cases. There- 
| fore only a few tables of data will be included, and the rest will be 
merely suggestive. The data given must be understood as indicating 
only very roughly the relative importance of the various cost elements 
in each process and the reasons for variations. 


; BUYING COSTS 
The only cost element charged to buying is office and management. 


a According to Table XL, buying represents 32 per cent of all office and 


management cost, as compared with 49 per cent for selling. The office 
part of office and management cost, as separated in Table XXXIX, 
| _was almost all distributed to buying and selling, and in addition about 
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60 per cent of the manager’s time. One important exception was 
interest cost, which in the case of warehouses buying for cash and 
storing was charged largely to warehousing. 

Buying costs, according to Table I, are 8.6 per cent of all ware- 
house costs for all warehouses combined, but only 4.7 per cent for 
co-operative houses, and 6.1 per cent for independent houses. Table 
XL indicates 35 per cent of all office and management cost of line 
houses charged to buying as compared with 28 per cent for co-opera- 
tives. On a hundredweight basis, buying costs are 4.6 cents for line 
houses ; I cent for co-operatives ; and 1.3 cents for independents. Buy- 
ing costs for line houses are high because all office and management 
costs of line houses are high, and also because buying is supervised 
closely by the main office. 

Buying costs of co-operative and independent warehouses range — 
mostly between 0.5 cent and 2 cents per hundredweight, the variations 
depending upon the salary rate for office and management cost, and the 
proportion of this cost charged to buying. As the latter is based en- 
tirely on estimates, the results are not worth careful analysis. No 
doubt, however, some warehouses are giving proportionally much more — 
time to buying than are others. It is a very important part of the busi- 
ness of operating a warehouse, no matter what the methods may be. ~ 
whether buying for cash, pooling, or buying on commission for a — 
dealer. It is here that the contact with the grower is largely obtained, — 
and it is through the contacts obtained at this time that the manager — 
secures the support of his patrons or members, and enlists their co- — 
operation in such important measures as standardizing varieties, keep- i 
ing varieties pure, treating seed for disease, better harvesting methods, | 
and field sorting. Pricing and buying a load of potatoes from a grower 
should be a painstaking operation, calling for knowledge of grades and : 
prices, and the exercise of much diplomacy and tact. Any really satis- 
factory pooling system which gives due consideration to difference; in — 
quality will require the same care and pains. 5 

The potato warehouse which really serves its community satisfac- 
torily, in the future must be one which engages actively in improve- / 
ment programs. One of the important problems of the future is to — 
determine how work of this kind is to be carried on, whether by a 
manager employed during the growing, as well as the harvesting and — 
marketing, season, or by a special agent operating on a county or some 
other basis. 


RECEIVING COSTS 

Receiving costs are 5.2 per cent of the costs of co-operative ware- : 
houses; 4.4 per cent of the costs of independent warehouses; and 2.5 — 
per cent of the costs of line warehouses. On a hundredweight basis, 


; 
* 
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the comparison is as follows: co-operatives, I.09 cents; independents, 
0.94 cent; line houses, 0.77 cent. Table LXIV, giving the elements of 
receiving cost, shows that line houses have low receiving costs in gen- 


eral because they have little building space set aside for receiving. It 


was pointed out earlier in the bulletin that many line houses sacrifice 
the convenience of their patrons for the sake of keeping operating costs 
down, and it is in the receiving department that this is particularly in 
evidence. Even receiving labor is greatly reduced. This means that 
the growers do most of the work of unloading. 


TABLE LXIV 
ELEMENTS OF RECEIVING Cost 


Line Co-operative Independent All 


Amount Percent Amount Per cent Amount Percent Amount Per cent 


LAE bc ae ee ee 4.9 $ 46 16.0 $ 17 5.9 $ 22 TEE 
HEADOE base std terete ois, 2:3 38 41.6 124 42.8 120 41.8 83 42.4 
EQUipnIent  <o.cise.ess 26 28.6 98 33-9 135 46.8 va 35.9 
Office and management 11 IL.9 19 6.6 16 gee 14 73 
Other direct costs*.... 12 13.0 2 0.7 rete eats 6 3-3 


“atid eo Oren $ 9r ~=100.0 $289 100.0 $288 100.0 $196 100.0 


* Scales rented by 7 warehouses. 


The receiving process begins when the potatoes arrive at the ware- 
house, and ends when the potatoes are ready to be elevated to the 
graders. The only equipment usually involved is the wagon scale, 
either with or without a dump, and the power equipment to operate the 


dump. As already explained, many warehouses have their potatoes 


weighed at public scales and 7 paid for this weighing. The receiving 
equipment, if housed at all, is housed in a lean-to, usually of light con- 
struction. Only about one fourth of the warehouses had any building 
cost charged to receiving, and most of these were co-operative ware- 
houses. 

The range in receiving costs in co-operative and line warehouses is 
mostly from 0.7 cent to 2 cents per hundredweight, only 9 falling under 
this group, and only 4 going above it. For line houses, the range is 
mostly from 0.3 cent to 1.2 cents per hundredweight. The reasons for 


_ these variations appear when individual warehouse receiving costs are’ 
examined. 


First of all, equipment costs vary greatly. Of the 71 warehouses, 


_ only 31 had dumping equipment. The receiving equipment costs of 


_ these 31 were 0.55 cent per hundredweight, as compared with 0.20 
_ cent per hundredweight for the remaining 40 warehouses. Building 
costs charged to receiving for the 31 warehouses were 0.14 cent per - 
_ hundredweight, as compared with 0.10 cent per hundredweight for the 
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others. Labor costs charged to receiving were practically the same for 
the two groups. Dumping equipment saves warehouse labor, but still 
more the labor of the growers, who usually unload their own potatoes 
if dumps are not provided. Receiving-costs of the warehouses without 
dumps average 0.77 cent per hundredweight; of those having dumps, 
1.13 cents per hundredweight. But those without dumps are smaller. 
When the effect of this difference in volume was allowed for, it cost on _ 
the average about 13 cents more per wagon load, or 78 cents more per _ 
carload, to provide dumping equipment. Against this 11 cents must 
be set the extra time of the grower and his team both while actually 
unloading and while waiting in line to unload. In the rush of the 
potato harvesting season, this can easily amount to much more than 
13 cents. 

The argument against using dumps is frequently advanced that it 
results in more bruised potatoes. Modern equipment, however, is little 
open to this objection. 

One of the most important determinants as to whether or not to 
install dumping equipment is volume of business. Table XLV shows 
that receiving costs per hundredweight of warehouses with dumping 
equipment decrease rapidly for warehouses handling under 20,000 
hundredweight, but very little from here upward, the reason being 
that beyond this point equipment and space are duplicated. For ware- 
houses without dumping equipment, receiving costs per hundredweight 
actually increase at the beginning, probably because additional labor is 
not so well utilized. At 10,000 hundredweight, dumping equipment 
costs 0.85 cent more per hundredweight; at 20,000 hundredweight, 0.42 
cent; at 30,000 hundredweight, 0.33 cent. 


TABLE XLV a 
Rexation or Recetvinc Costs PER HuNnDREDWEIGHT To VOLUME oF BusINESS 


Volume With dumps Without dumps 
Cwt. Cents Cents 
SROOOH Ta vran arivaensveliin e's ote seiayeaarstanietelaee erecavemntese 2.25 0.60 

MRCOG renin NicIO DOO TID oicio meciderg sioc ice ae 60 0.75 

ZO OOO) eet su osetaltne wusdel waceanh hats parienene enc GRE Re teste is ‘ 1.22 0.80 

OSOOO” Ne rens tistyasious at omenaretvroten tiny aceneletrete leat teney eee oietars 1.13 0.89 

ADs OO ORM as sal olaitansle on ckodersmayaret halaiet ew sienna semana vere NO Gee) 

Le {OOXOF AVE Gun G OTM MnO Lickqh ted Gp UOC Das Goine CW Ae r.0T 

$50 O00) Du. sss alia Micha veya hrednniecunn ae eee net eomratiegs Tap I.10 

OOOO’ webs Hime asahoc. stared stetoterai ede aiet bane eeleN tate 1.10 


Individual warehouses, however, vary greatly from the averages in 
Table XLV. No. 15, handling 21,600 hundredweight, had receiving — 
costs of 0.0186 per cent, owing to high equipment inventory; No. 18 2 
handled 30,000 hundredweight with less than half as high an invest- 
ment in receiving equipment. . 
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* GRADING COSTS 


Table I shows that grading represents 10.9 per cent of all costs. 
The grading process begins with the elevating of the potatoes to the 
grader, and ends when the potatoes leave the grader to enter the sacks, 
or a conveyor, or a hopper. The equipment involved is the grader, 
_ sometimes with a special picking table, and the gas engine or motor to 
, operate it. Graders range considerably in capacity, and the larger 

warehouses may have two or three graders. The labor is that of 

picking over the potatoes and of looking after the graders, which need 

considerable attention, owing to clogging and the like. Sometimes dur- 
_ ing the rush season, as many as four or five men are employed at this 
work. But at slack seasons, only one man may ke employed, the 
potatoes being fed to the grader more slowly, or culled less carefully. 
The space requirements include the space actually occupied by the 
graders, and the work space around them. 
‘2 Table XLVI shows that labor and equipment make up three 
' fourths of all grading costs. The decrease in grading costs with 
volume of business will therefore depend principally upon these two 
elements. The decrease in equipment costs with volume is very rapid 
up to 20,000 hundredweight, to the point where a small-sized grader 
is fully utilized, and rather slow from here upward, either because 
| larger graders are used, or because equipment is duplicated. The labor 
curve for grading cost follows the same general direction as for labor 
in general in Figure 10 and Table XXVIII; that is, it decreases rapidly 
up to 15,000 hundredweight, and less rapidly from there upward. But 
the decrease is less rapid at the beginning than for equipment, and 
somewhat faster above the middle. The special curve for labor used 
in grading is bent somewhat less than the general labor curve, as the 
' extra labor hired for culling potatoes can frequently be pretty well 


TABLE XLVI 
ELEMENTS OF GRADING CosT 


Line Co-operative Independent All 


Amount Percent Amount Per cent Amount Percent Amount Percent , 


BEB GN Ging \ ois ccs sa $ 79 23.3 $139 19.7 $120 18.0 $108 20.4 
RAD OTA iisriacc saline shes 126 37.2 301 42.3 340 50.9 226 42.7 
i Bauipment ........... 99 20.4 212 29.8 159 23.9 151 28.4 
Office and management 34 10.1 58 8.2 48 7.2 45 8.5 


BINOTEL A Ro siehayy<e. sreverw sie $338 100.0 $710 100.0 $667 100.0 $530 100.0 


There is a wide range in grading costs for individual warehouses 
of about the same volume. These are accounted for mostly on the 
' score of more or less grading capacity than is needed, or varying 
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amounts of labor or wage rates for labor. The misfits in grading 
capacity and volume were partly due to wrong forecasts of volume of 
business, and partly to carelessness in adjusting grading capacity to 
the volume expected. - Part of these misfits can surely be prevented. 
The variations in labor costs are partly due to different .degrees of 
care in sorting the potatoes, and partly to carelessness in hiring the 
right amount and kind of labor. It is of course possible to spend 
more upon careful sorting than is worth while; but probably this does 
not very often happen. The more carefully growers can be induced 
to sort in the field, the less the labor cost of sorting at the warehouse. 
It is always a question, however, as to where it is cheaper to do it. 

Some typical cases of high and low grading costs are the follow- 
ing: Nos. 8, 9, and 10 each handled about 11,000 hundredweight, one 
with one grader, one with two, and one with three, with motor equip- 
ment in proportion. Labor and building costs were about the same, 
and yet the range in grading costs was from 0.27 cent to 0.54 cent 
per hundredweight. No. 35 handled 45,000 hundredweight with two 
graders and half the labor expense of No. 36, handling 48,000 with 
three graders. The largest warehouse covered in the survey handled 
83,000 hundredweight with three graders and $650 labor cost, which 
is one third under the average. 

The average grading cost per hundredweight is 0.26 cent. ‘The 
average for line houses is only 0.29 cent, in spite of their small volume 
of business. This is because they seem to have better utilization of 
labor and equipment than the co-operative and independent ware- 
houses. The costs of grading were especially high for the co-operative — 
warehouses. The ordinary range in grading costs per hundredweight- 
was from 0.15 to 0.45 cent. : 


:. SACKING COSTS 


The sacking process begins when the empty sacks are placed on 
the sack-holder and ends when the sacks have been filled, weighed, 
and sewed, ready to be conveyed to temporary or permanent storage. — 
The only equipment used is the sack-holder and platform scales, but 
considerable work space may be needed for the filled sacks while they _ 
are waiting to be carried away. Labor is, of course, the major item — 
of cost. Sacking cost will therefore vary with volume handled much — 
as total labor cost varies. Other variations are due to differences in 
wage rates and adjustment of labor employed to labor needs. The | 
average for all warehouses is 0.244 cent per hundredweight, nearly the | 
same as for grading cost. EA 
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TABLE XLVII 
ELEMENTS OF SacKiInG Cost 


Line Co-operative Independent All 


Amount Percent Amount Per cent Amount Percent Amount Per cent 


aiding .¢ cis. s.cv ees $ 65 21.1 $127 20.3 $118 15.6 $ 97 19.3 
USGI Pies ake atest = we 186 60.2 410 65.2 545 72.3 329 65.6 
Equipment ......... 5 1.6 14 2.2 12 1.5 9 1.9 
Office and management 53 17.1 77 12.3 80 10.6 66 13.2 

pcOtalte tersiecstern sc eysie ns $309 100.0 $628 100.0 $755 100.0 $sor 100.0 


WAREHOUSING COSTS 


Table I shows that warehousing represents 21.5 per cent of all 
warehouse costs. Warehousing represents a miscellaneous group of 


activities, including conveying potatoes to storage, running conveyors, 


re-sorting, carrying out culls, clearing out bins, running the stove, and 


looking after the warehouse’ during the storage period. It becomes, 


in a sense, the residual claimant for all the labor not charged to other 
processes. The labor charged to it is therefore probably higher than 
it should be. Some of the labor so used, however, has few alternative 
uses at the time, and would be rated low under an accurate system of 
cost accounting. The labor charged to warehousing is 35 per cent of 
the total. The most important element in warehouse cost is of course 
building and site. The $468 of building cost charged to warehousing 
in Table XLVIII is 73 per cent of the total building and site cost. 
The principal item of equipment involved in warehousing is the con- 
veyor. But only 16 warehouses had conveyors. The equipment charge 
for the others is for trucks, stoves, and the like. 
TABLE XLVIII 


ELEMENTS OF WAREHOUSING Cost 


Line Co-operative Independent All 


Amount Percent Amount Per cent Amount Percent Amount Per cent 


BUNGIE) Tees we.s..2 «3 $317-- 44.5 $618 47.6 $557 39-5 $468 44.7 
MEA ME Pasty allt wie'ols <= <\* 6 271 38.2 496 38.1 702 49.9 427 40.8 
Hauipment ©. 6.52.5.) 39 5-4 67 §:2 54 3.8 52 4.9 
Office and management 71 TOSO8. 100 7.7 gi 6.4 86 8.2 

_ Other direct costs*.... 14 1.9 19 1.4 6 0.4 14 145g 
OU Mia nielatswieireirere «si . $712 100.0 $1300 100.0 $1410 100.0 $1046 100.0 


* Insurance on potatoes in storage. 


As labor and building constitute 85 per cent of all warehousing 
costs, the curve of decrease with volume will represent a combination 
of these two curves. This means that it will be less bent than the 
curve for labor, and more bent than the curve for buildings. 

The problem of whether or not to install a conveyor system is an 
important one. If No. 26, with 83,000 hundredweight of potatoes, 
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had installed the conveyor system now in No. 30, with 14,400 
hundredweight, the annual equipment cost of warehousing resulting 
would have been 0.31 cent per hundredweight, instead of the 1.82 cents 
when installed in No. 30. The highest warehouse equipment cost is 
for a warehouse with an elaborate conveyor system costing $1500 
which handled only 21,600 hundredweight the year of the survey. 
The data observed are not sufficiently detailed and accurate for the 
purpose, but it should be possible to determine with what volume of 
business a conveyor system will save enough labor to warrant its 
installation. 

Another major cause of variations in warehousing cost is amount 
of storing done and the period for which stored. Unfortunately the 
data obtained are not sufficiently accurate to warrant publishing any 
comparative cost figures. The clearest evidence appears in the case 
of warehouses built especially large in order to provide storage space. 


CAR LOADING COSTS 


Car loading represents 4.7 per cent of all warehouse costs. It is 
therefore of about equal importance with receiving. Table XLIX 
shows that labor is 60.9 per cent of car loading cost, and equipment 
19.8 per cent. ‘The process includes, in most cases, either elevating 
the sacks to the second floor or conveying them in a sack elevator 
directly to the cars. Of the 71 warehouses, 53 had sack elevators. 
If no sack elevator is provided, the sacks are trucked into the car 
from the warehouse. The line houses are as well equipped, on the 
whole, with car loading equipment as are the co-operative ware- 
houses. The decrease of car loading costs with volume follows a 
curve bent somewhat more sharply than the labor curve. One sack 
elevator serves any ordinary sized potato warehouse; hence the equip- 
ment cost of car loading decreases very rapidly with volume. The 
other variations in car loading costs are due to difference in wage 
rates, utilization of labor, and the like. A minor cause of: variations 
is the cost of car lining and labor of preparing the cars. The line 
houses line fewer cars than do the others. 


TABLE XLIX 


ELEMENTs oF Car Loapine Costs 


Line Co-operative Independent ~* All 


Amount Percent Amount Per cent Amount Percent Amount Per cent 


Wabor 7 iia hoMiadoteks ten $ 75 52.4 $181 64.8 $233 63.5 $140 60.9 
Equipment’ \scvs a ee 40 27.6 50 18.0 53 14.5 46 19.8 
Office and management 22 £5-2 27 9.7 36 9.9 26 51.3 
Other direct costs*.... 7 4.8 21 7.5 44 U2hk 18 8.0 

Dotal vet et.eis omnes $144 100.0 $22%o 100.0 $365 100.0 $230 100.0 


* Car linings. 
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SELLING COSTS 
Selling costs, consisting of the part of office cost which was not 


charged to buying, and about 35 per cent of the managers’ salaries, 
_ represent 22.6 per cent of the costs of line houses, 7.5 per cent of 


those of co-operative houses, and 10.0 per cent of those of independent 


houses. On a hundredweight basis, the comparison is as follows: 


line, 7 cents; co-operative, 1.6 cents; independent, 2.1 cents. The 
difference is largely because the line-house organization does its own 
selling, whereas only 6 of the co-operatives did most of their own 
selling. The effect of different methods of selling has already been 
discussed under office and management. 

The selling process includes, for a co-operative or independent 
warehouse doing its own selling, the following: finding buyers; se- 
curing cars; looking after the potatoes en route, at inspection points, 
and at destination; negotiating with buyers after the cars have 
reached their destination; collecting from buyers; collecting claims 
against railroads; all correspondence connected with the foregoing; 
keeping all records connected with the sale; and if tre warehouse is 
using pooling methods, prorating expenses and receipts among the 
various growers in the pool. For a warehouse consigning to an ex- 
change or commission firm or broker, selling includes only selecting 
the agent, securing cars, collecting claims against railroads, and 


negotiating with agents. 


Variations in selling cost are also in large part due to differences 


in volumes handled by various warehouses. The analysis of varia- 


tions in office and management cost can be applied almost directly to 
variations in selling cost, as the separation of office and management 


cost between buying, selling, and supervision was largely made on the 


basis of very rough estimates. A few of the office costs, however, 
were charged directly to selling, in particular, market service, tele- 
graph, and advertising and publicity. Most of several miscellaneous 
items, such as traveling expense and collections, was also charged to 
selling.. Interest cost should vary, as already explained, with methods 
of selling as well as with methods of buying. 

If a warehouse undertakes to do its own selling, this becomes the 


most important of its functions. Keeping selling costs down in such 
‘a case is always important, but not so important as selling to good 
-advantage. Market and telegraph service may be worth all they cost 


or they may not. Some warehouses could afford to spend more for 
such service, some are spending too much already. In the first place, 
a small volume of business will not warrant an elaborate system of 
news and telegraphic service. In the second place, unless market 
information is properly used, it may do more harm than good. It is 
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much to be doubted if many local managers are in a position to use 
market information to much advantage. Using the telegraph in making 
sales, however, may be well worth while. 

It is very clear, from the records, that some of the larger ware- 
houses covered in the survey have developed outlets for their potatoes 
and are handling their own selling to good advantage. 


SIDELINES 


The cost of handling potatoes may be somewhat affected by the 
handling of sidelines. For example, enough flour, feed, and other 
supplies may be handled to keep the warehouse in use throughout the 
year; and a manager may be employed on a yearly basis. If the side- 
line business is important enough, it can properly be made to bear 
some part of the warehouse costs. It will, in most cases, be proper 
to charge only that part of management costs to sidelines which is 
additional because of taking in the sideline business. Working capital 
may also be put to fuller use by taking on sidelines. 

As only 3 of the 71 warehouses handled sidelines to any appreciable 
extent, it was not possible in this survey to make any analysis of their 
effect. The prosedure followed was to separate the costs directly 
chargeable to sidelines, and divide salaries and interest between 
potatoes and sidelines as above indicated. 


CENTRAL MARKET COSTS 


The principal central market and transportation costs that come 
out of the net proceeds of a car of potatoes are: freight, brokerage 
and commissions, inspection fees, car messengering, switching, de- 
murrage, trackage, and a miscellaneous lot of otiier transportation 
costs. As already explained, these costs have been omitted from the 
analysis for two reasons: (1) They are not costs of the local ware- 
house as such, and (2) the data obtained did not always separate 
central market costs from deductions due to damage in transit, quality 
defects, and the like. 

Following this procedure does not, of course, give costs on a com- 
parable basis of the locals following different selling practices, as 
office and management costs are higher for those selling direct to 
_ retailers than for those selling on track, and higher for those selling 
on track than for those consigning to brokers and commission men. 
It has already been roughly estimated that office and management costs 
averaged $7 per car higher for those selling direct than for those 
consigning (see page 52). With this figure may be compared part 
of the 10 cents per hundredweight, or $36 per car charged by the 


Minnesota Potato Exchange for its services—only part of it. because _ 
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_the exchange rendered some services not ordinarily performed by a 


local doing its own selling. It may also be compared with the $13 


per car (average for about a thousand cars actually sold) charged by 
brokers and commission merchants when these agencies did the 


selling. ‘There is little doubt that local potato warehouses that have 
developed outlets of their own for their potatoes are able to handle 


_ the selling at a lower cost than they can hire it done for them. There 


is, however, the initial cost of developing such outlets, and the risks 


involved in dealing with new customers for the first time. 


To put the costs of co-operative and independent warehouses on a 


_ comparable basis with those of line houses, these charges of $7, $36, 
_ or $13 per car must be added to the local cost, for the line houses 
' do all their own selling. Certain other expenses should be added also, 


_ such as demurrage, switching, inspection fees, and the like, for these 


_ are included in the central office expenses of line houses as given in 


the tables. These amount to about $2 per car. The central office 
expenses of line houses as given also include payment to the railway 


_ company for preparation of cars ($5 per car) when it was not done 


by the local warehouses, and payment to the railway company for 


_ messengering, car-heating, and all services included when potatoes are 


shipped under “Option No. 2”—the line houses ship almost altogether 
on this basis. The charge under this option was $12.30 per car. 


LEAST-COST COMBINATION 


Obviously no one element of cost can be considered by itself alone. 
The more spent for equipment, work done (quality being the same) 
the less the labor required. A conveniently arranged warehouse also 
reduces the labor required. Given data as to the amount of labor 
saved by various items of equipment, and as to the cost of equipment 
and wages of labor, it should be possible to estimate with fair accuracy 


_ what equipment it will be economical to install—in other words, de- 
_ termine what combination of labor and equipment will render a given 
amount and quality of service: at the least cost per unit. The data 
_ obtained in the survey, however, were not accurate enough to warrant » 
such an analysis. 


COST AND AMOUNT OF SERVICE 


Throughout the bulletin, it has been obvious that costs of different 


warehouses have not been comparable because of differences in the 


amount of service rendered. For example, some warehouses have 


sold all or most of their potatoes and others have sold few or none. 


Some have stored more potatoes than others; some have stored for 


_ longer periods than others. Some have done the weighing for growers 
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and some have not. Some have provided dumps and some have not. 
In some cases it has been possible to. estimate the difference in costs 
resulting; in others, not. As a factor in variations in total cost per 
hundredweight, however, it is one of the most important. 


COST AND: QUALITY JOR SER Vas 


In scores of ways, one warehouse may render better service than 
another, by sorting and grading better, by keeping the potatoes in 
better condition in storage, by loading cars better, and last and most 
important of all, by selling for a better price. Obviously no way was 
possible in this analysis of measuring these differences in quality of 
service. 

ALL COSTS COMBINED 


Having analyzed the various elementary costs separately and com- 
bined by processes, they can now be combined into total costs per 
warehouse and per hundredweight. Figure 15 shows the five elements 
of cost reduced to a hundredweight basis and combined. The office 
and management cost here included is for co-operatives and inde- 
pendents only—line-house office and management costs include a large 
element of central office costs arising from selling operations not 
usually performed by local warehouses. The range with volume of 
business is from 28.24 cents for houses handling 5000 hundredweight, 
to 18.57 cents for houses handling 80,000 hundredweight, or a total 
range of 9.67 cents, or 45.4 per cent of the average of 21.29 cents. 
The largest absolute range with volume was for building and site cost, 
at 3.40 cents, with labor next, at 2.80 cents. The percentage range 
(per cent of the average) was also highest for building and site cost, 
at 113 per cent, but second for equipment, at 92 per cent. Labor cost 
is fourth in percentage range, at 48 per cent, and office and manage- 
ment third, at 61 per cent. Figure 15 shows only the absolute range. 

It is apparent from the diagram that most of the economies of 
larger volume of business, so far as warehouse costs are concerned, 
appear under 30,000 hundredweight, and more than half of them 
under 20,000 hundredweight. Building and site and equipment are | 
responsible for 3.5 cents of the saving in costs under 20,000 hundred- 
weight, and labor and office and management for 2.7 cents. 

Curve A in Figure 16 reproduces the combined curve of Figure 15, 
and locates the costs for the 38 co-operative and independent ware- — 
houses. The absolute range in costs from all causes for co-operative 
houses is from 15.3 cents for No. 22 to 37.2 cents for No. 7. The | 
absolute range from all causes for independent houses is from 13.3 _ 
cents for No. 33 to 31.4 cents for No. 30. Thus the absolute range 
for both groups is from 13.3 cents to 37.2 cents, or 23.9 cents. 
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Volume of business accounts for only 9.67 cents of this. Thus 17.2 
cents of it must be due to the other causes that have been pointed out. 
This is very evident from the diagram. In any volume group—for 
example, from 15,000 to 25,000 hundredweight—there is a wide range 
in cost. 

It is thus apparent that warehouse costs are very irregular. Some 
of these irregularities can not be obviated. Any progressing industry 
is sure to exhibit considerable variation in costs. If none could reduce 
their costs below those of their competitors, little progress would be 
made. But it is equally clear that the high costs of many of these 
warehouses are entirely unnecessary, and could be at least partly 
eliminated in any season. Others could have been prevented if the 
warehouse had been properly planned at first. As time goes on, the 
potato warehouse business will surely be more standardized—ware- 
houses. will be more nearly of the same size and construction, with 
more nearly the same equipment. Also salaries of managers will be 
more nearly uniform. These standardizations will nearly all be in the 
direction of lower costs. 

Any warehouse manager will do well to calculate his costs for last 
year’s business upon a hundredweight basis and compare his results 
with the average indicated by Curve A in Figure 16. If he finds that 
his average is high, he should separate out the various elements 
making up his total costs and compare each of these with the proper 
curve in Figure 15. Having discovered which of his costs are high, 
he can then read carefully the analysis of factors causing variations 
in that cost, to see if he can discover the causes responsible in his case. 
Even tho his total costs may be low, he may find that some of his 
separate costs are high and can be reduced. 

As already pointed out, however, he must not conclude in all cases 
that because certain costs are high he must go about reducing them. 
It may be that the extra cost is due to extra service or better quality 
of service rendered, and may be more than warranted. 

Curve B in Figure 16 represents the average combined costs per 
hundredweight for the 33 line houses. It will be remembered that 
office and management costs of line houses averaged 13.1 cents per 
hundredweight, as compared with 3.9 cents for other warehouses, and 
that 72 per cent of these office and management costs were incurred 
by the central office; and further, that the central office costs were 
prorated to the locals at a flat rate per hundredweight. Curve B has 
been adjusted somewhat for the probable error arising from this — 
method. Line house costs are somewhat more regular than those of 4 
the other two classes of warehouses, but the extreme range is from i 
24.9 cents for No. 47 to 46.9 cents for No. 48. \4 
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SIZE OF WAREHOUSE 


The question of the most economical size of warehouse and volume 
of business must be considered from a community standpoint, rather 
than from a strictly warehouse standpoint. The larger the volume of 
business handled at one market place, the farther.the potatoes must 
be hauled and the greater the cost of hauling. The more warehouses 


at one shipping point, the less business to be handled by each, but 
perhaps the more convenience in unloading and storing. Figure 17 


illustrates the method of analyzing this problem for length of haul 


' and number of warehouses at a shipping point. The length of haul 


required to obtain a given volume depends upon the density of pro- 
duction. Most potato growing sections in the state range between one 
and ten carloads per square mile. Clay County averaged over six car- 
loads in 1922. It is impossible to compute accurately any hauling costs 


_ for farm products, but one can come as near to a correct figure for 
hauling potatoes as for any ‘other crop, because some potatoes are 


i 


_ actually hauled by special labor hired for the purpose, and most potatocs 
are hauled at a busy season. Studies made of wage rates for man 


labor and horse labor employed on Minnesota farms under conditions - 
similar to those prevailing during potato-hauling periods of the year, 
indicate that 60 cents per hour is somewhere near an average for the 


farms in most communities. The rates on different farms will prob- 


_ ably vary from 40 to go cents an hour, depending upon the other farm 


enterprises combined with potatoes, and the proportions between them, 


-and the supply of labor, as well as upon rates paid for hired labor; 


but it is probably fairly safe to use an average in this case, as crop 


combinations will not be greatly different at different distances from 


the market. Time spent loading and unloading can be ignored as it is 
a constant amount regardless of the length of haul, except that those 


Say 


living farther away arrive later and are likely to have to wait longer 


to unload. Hence only time on the road need be considered in the 
present problem. A rate of travel of three miles per hour has been 
_ assumed, and 50 bushels of potatoes to a load. The four curves in the 


left ofthe diagram represent hauling costs under these assumptions for 


time on road only, and for an average haul. The method of computa- 


_ tion is as follows: 
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Commercial production of 5 carloads per square mile: 
40,000 cwt.=111.1 carloads (360 cwt.=1 carload). 
111.1 carloads will require 22.2 square miles of area. 


222 


=2.66 mi.—radius of circle with area of 22.2 sq. miles. 


i 
V 3:1416 


2/3X2.66 mi.=1.77 mi.=average length of haul one way for an 
area 2.66 miles in radius. 

2X1.77 mi.=3.55 mi.—length of trip both ways. 
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—=1.18 hours=time required, at 3 miles per hour. 
3 | 
1.18 $0.60=$0.708=average cost of trip, time on road only, at | 
$0.60 per hour for man and team. | 


$0.708 


=$0.0235=cost per cwt. at 30 cwt. per load. 
30 


Table L gives the results of such computations for four different |} 
densities. It is presumed, however, that persons using this bulletin © 
will make their own assumptions as to density, rate of travel, cost per | 
hour, size of load, and other items. | 

The foregoing analysis also assumes that one warehouse handles — 
all the business, which is seldom the case. If a given area sells ten | 
carloads per square mile, but has two warehouses which divide the © 
business equally, the results are the same as tho the density were 5 
carloads per square mile and one warehouse were handling it. There- | 
fore Curve B would fit rather than Curve A. If there were 5 ware- |) 
houses in place of one, a more likely assumption, ‘Curve C would fit. 
It is probable that Curves C and D come nearest to fitting most actual 
conditions. ai 

Curve E merely reproduces the warehouse cost curve of Figure 15. |) 
Curves F, G, H, and I combine Curve E with Curves A, B, C, and D, 7 | 
respectively. It will be noted that if one sold ten carloads per square | 
mile, and delivered at one warehouse, the most economical volume of | 
business would be appreciably above 80,000 hundredweight; and at |) 
5 carloads per square mile it would be somewhere just above 80,000 
hundredweight ; but according to Curve H, which will more nearly fit — 
most situations in the state, the most economical volume of business |} 
would be 50,000 hundredweight. Curve I represents a condition that — {| 
exists at many shipping points because there are too many warehouses ~ 
—lowest combined costs around 40,000 hundredweight. 
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If the number of warehouses could be kept to one for 80,000 
hundredweight, in an area selling 5 carloads per square mile, the 
lowest combined cost is 19.8 cents per hundredweight; but if this 
business is divided among 5 warehouses, the combined cost will be 
26 cents per hundredweight. If the commercial production is 2 car- 
loads per square mile, and one warehouse handles it most economically, 
the combined cost is 21.3 cents per square mile; but if two handle the 
same volume the combined cost is 23.7 cents per hundredweight. 

If, however, a warehouse-is to handle 80,000 to 100,000 hundred- 
weight it should be arranged to provide convenient unloading facilities. 
Moreover, the ratio of potatoes stored to potatoes handled will be low 
in such a warehouse unless it is built extra large to provide storage, in 
which case extra building cost will be involved. It is undoubtedly true 
that the desire to provide storage has been a factor in multiplying the 

number of warehouses at many shipping points. Line-house organiza- 


tions, especially, have been actuated by such motives. They find it | 


more economical to store at country stations than in the central market. 
An analysis to fit a business combining handling and storage on this 
basis will require data not obtained in the present survey. 
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ih FACTORS AFFECTING THE PRICE OF MINNESOTA 
POTATOES 


By Horsrook WorkKING 


: ; INTRODUCTION 


% Why does the price of potatoes change so much from one year 
' to another? Why does the price of potatoes sometimes change so 
_ much during a single season? What is the average change in the 
' price of potatoes from fall to spring? How much are prices affected 
_ by an increase of 10 per cent in production? What is a normal pro- 
- duction of potatoes for the United States? Everyone who is finan- 
_ cially interested in potatoes has asked himself all these questions and 
many, more. 

The purpose of this bulletin is to bring together information which 
, helps in answering these questions, and to show as far as possible just 
_ what the answers are. The study of the factors which influence the 
| price of potatoes or any other commodity is similar in many ways 
_ to the study of the influences which cause disease. Much can be 
_ learned about the causes of disease by common observation and with- 
out the use of special scientific methods and without any special studies 
by trained scientists. For example, everyone knows something of the 
common causes of colds. But it required careful scientific work to de- 
termine the cause of tuberculosis; even after it was known that bac- 
| teria were responsible for many diseases, only long and careful study 
“made it possible for Robert Koch to demonstrate that tuberculosis 
was similarly caused by a specific bacterium. 

i Similarly, everyone knows much about the factors which influence 
| prices, probably more than most people know about diseases. Com- 
ion observation tells them that when the production is small, the price 
_ must be high; and that when other prices are rising rapidly, as they 
did during the war, the price of potatoes or wheat or any other product 
‘is likely to rise also. But only careful study reveals just how much 
the price will rise when production is decreased 10 per cent, or just 
| how much the price of potatoes will go up on account of some force 
| which i is causing other prices to rise. 

In the study of prices, as in the study of diseases, we have learned 
|| that careful scientific study discloses certain facts that we could not 
learn by ordinary observation. Many things are still to be learned, 
but for potatoes we already know just which are the most important 
| factors that ordinarily affect the price, and for five of these factors it 
thas been possible to get statistical measures and to estimate quite 
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accurately what the effect of these factors will be under any given 
conditions. Sr 

Many of the conclusions to be described have already been set | 
forth in a Technical bulletin published in 1922,1 but since then addi- 
tional facts have been discovered which more completely explain the 
movements of the price of potatoes. 


PRICES TO BE STUDIED FIRST 


The best way to begin a study of the price of potatoes, is by con- 
sidering the factors which affect the average price for the entire season. 
Some sections of Minnesota produce considerable quantities of pota- 
toes which are ordinarily marketed in August, but the great bulk of 
the Minnesota production comes on the market after the first of Sep- 
tember. In 1918-19, 13.6 per cent of the carlot shipments moved 
before the first of September, but for the last four years the average 
has been 5.1 per cent. Most of the Minnesota crop is usually disposed 
of by the end of May, only about one per cent being left, on the 
average, for shipment after June 1. Accordingly the principal interest 
in Minnesota centers upon the price of potatoes for the nine-month 
season from September to May. 

Table I gives the price of potatoes in St. Paul and Minneapolis 
for each month from September to May since 1809, and the averages 
for each season.? 

Figure 1 shows the average price of potatoes for each season, 
beginning with 1902-3 and ending with 1923-24. This is what is known 
as a “ratio chart,’ being drawn to a scale which gives a fair compari- 
son of relative changes. A to per cent change, for example, is rep- 
resented in any part of the chart by the same vertical distance, so that 
a change in price from 50 to 55 cents looks the same as a change from 
$2 to $2.20. A chart drawn with the more common arithmetical ruling 
makes a change from $2 to $2.05 look just as important as a change 
from 50 to 55 cents, but relatively it is only one quarter as important. 
The facts which we must consider are clearer if we note the relative a 
changes, hence this ratio scale has been used in all the charts. 

+ Working, Holbrook. Factors Determining the Price of Potatoes in St. Paul and Minn~ — cat 
apolis. Minn. Tech. Bul. 10. 1922. 


2A detailed description of the method by which these figures were obtained is given in 
Minn. Tech, Bul. 10, pp. 10-14. 


‘Yous Ul pepnyour sysaM Jo Jaquinu ay} Aq soorid ATYQ}UOU SuYsIOM AQ pourejqo dSvIOAe PoIYsSIOM , 


So°r$ s4°0$ 981g: errg foes LL14 £9'1¢ zgz$ fo'rg$ 39°0$ zorrg Sg:0$ ger ueour oruomse Ty 
brrg 84°0$ garg Sarg oz vg$ gig SLI L6:z$ Sig oL-o¢ zo'1g Sg'0¢ Zbig ,a3ei9ae Tenuuy 
gor! +g°0 Sorr VAT) Src zo'z Sor fob epi 39'0 gorr 390 Sgr SET 
arr gol ZErr zg"0 zorl z6'l LoL lav zer1 oL'0 So'r 09°0 gor Segre keane 
Eor1 9g°0 SUT Zor ges grr €24°1 OAS ger So*o £o'r Sg'0 9g'I Soe Se uOwe TA 
40°1 z9°0 Ses Z6'0 Soy gor zoe 0g'€ err oL'0 ool £9°0 ZQ'I soo AreRIqoy 
ZI*l zQ'0 YAS ¢ Oz1 gore LL gor glia oS'1 S9°0 oo'T So'0 SVL + Axenue lf 
5g°0 ¥9°0 ger ofr Soe og'l gZt Lye Zo'l z9'0 g6'0 Z9°0 Vescige SSN Se eYolivekeyai 
Ig'0 040 LY'l LL°1 So°z zQ'I £6°1 eos Sg'o ZS°0 ZO'r o4°0 Snel “77 JaquIsAON 
83°70 940 OL'1 Sgrr ere fgrz of £orz gZ4o ZL ZO'r z9"0 26:0 =) gaqor0@, 
Z1'I¢ Lg°0$ go1¢ go1¢ 4S°z¢ ore¢ gZr¢ Le'1¢ SS-o$¢ S6'0$ So'rg¢ g9°0$ Sere. Jaquie}das 
bz-Ez61 = Ez-zz61 ZZ-1Z61 1zZ-0z61 oz-6161 61-QI61 gi-Z161 Z1-9161 gI-S161 SI-v161 PI-€161 €1-z161 ZI-1161 

06'0¢ gs-og Lrg 06'0$¢ oLo$ ZL°0¢ oS-og orig gso$ Ez1¢ L£S-0¢ gSog ttt ttt ss URour ofuOMTIeTT 

oe — - - Py = - = = 

Z6'0$ o9'o$ oz'1¢ 06°0$¢ ZL og gZrog zZS‘o$ oz 1g gso$ fz31¢ gs'og ZQI0g, - "9 aseroNee yenurny: 
So'r zh-o a S6'0 $6°0 Zg°0 ev'o Eo: (YA) ee‘r &£-0 GEO) 1 Pa ote oe eee ETAT 
Sor ZE-o zg ZO'r zg°0 gg°o gto OL'I £S‘o Son gso zv'o PUSTTA NESTS SSeS NS ame CLAW 
Z3°0 gs‘o ovr £o'1r SL°0 390 gro ZOr gs"o OzZT 49°0 ZS°0 Ree se RS a nea: 
0g"0 SV Ae) gz'l £6°0 Sg'0 £L°0 Sho LY L S9°0 Z£E°3 SL°0 'L9°0 Tsho tae 2 9° sais) aie) Cen onye 
ZQ°0 g9°0 OL! £3°0 g9°0 £g°0 og"o fort g9°0 eeo-r 09'0 | £9°0 tia aaa ee CM FS cake Ath 
££°0 £970 ZO'r L£L°0 gs°o Zg°0 0S°o S6-0 z9°0 LET Z9°O Sg°0 Seg ees ee MS POCUODI Cy 
0g"0 S9°0 S6°0 L£L°0 £9°0 gg'o oS‘o 06°0 ZS°0 €Z°1 gro ££°0 spo ise oekaieoie SoM TOG UOAONT 
36°0 Z9°0 g6°0 Sg*o £9°0 g9°0 zS"o 93°70 zS"0 £o'L £v-o S9°0 ECE TOAST TON 8 Cfaloh aye) 
Lx1°1¢ LLog zo'rg. S6'0$ o4:0¢ og*o$ €S-o¢ Og'0¢g Eb-o$ gei¢ Eb-o$ OZ OF Ges anon ror ee eT q iia 
TI-O161 OI-6061 60-3061 g0-£061 40-9061 90-SO6I So-vo61 +o-£06r £0-zo61 ZO-1061 10-0061 0061-6681 


MOOLG ATAV], ANVUAAW—SAVAA OUD Ad ‘EzOr-66gI ‘ATHINOP, ‘SIIOAVANNIY| GNV TOvg ‘1G NI LHDIGMaTYAGNAT Aad SAOLVLOG AO ZOIN 
A} L V A W d =$ H d 


: I aTaAVva 2 


6 TECHNICAL BULLETIN 29 


DOLLARS PER CWT. PEP CENT 
400 


Fig. 1. Changes in Price of Potatoes and General Price Level 


The price of potatoes goes up and down with the general price level. 


FACTORS AFFECTING AVERAGE PRICE FOR THE SEASON 


Loa VALUE TOR. TE sDO LEAR: 
The first factor which must be considered is the value of the dollar. | 
Everybody knows that the value of the dollar changes. During 1919 | 
and part of 1920 it fell to a point where on the average a dollar would — 
buy only one half to one third of what it would during the years just 
before the war; in other words, prices were two or three times as 
high as before the war. During 1920 the value of the dollar rose very — 
suddenly, which is just another way of saying that prices fell very — 
rapidly, so that now a dollar will buy on the average about two thirds 
of what it would before the war. i 
Of course when discussing the changes in the value of the dollar 
or in the price level, one is really not talking of causes but of effects. | 
We know pretty well what these causes are, but in studying their 
effects on any one product, the most accurate way is to take the aver- ss 
age of the changes of a large number of different commodities as — 
measured by price index numbers. Thus it is convenient to speak of 
the changes in the value of the dollar as causing the changes-in the 
price of potatoes and to measure the influence by means of price index 
numbers. 
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Besides showing the changes in the price of potatoes, Figure 1 
shows also the changes in the value of the dollar as measured by an 
_ index number of prices of “all commodities” as calculated by the United 
States Bureau of Labor Statistics from prices of about 400 different 
- commodities representing practically every kind of goods sold in the 
_ United States. The figures for the index number are given in Table 
If. It is easy to see that the price of potatoes moves more or less in 
the same way as this index number made up from an average for 
400 different commodities. 

TABLE II 


GENERAL Price LEVEL, 1902-3 TO 1923-24* 
(AVERAGE FOR 1913100) 
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: * Harmonic mean of nine months, October to June, for 1902-14; September to May for 
- 1915-23. Bureau of Labor Statistics “all commodities’? index number, unweighted, 1902-12; 


y 1919 weights, 1913-22. 


_ From Figure 1, however, ee is apparent that the changes in the 
q value of the dollar explain only a part of the changes in the price of 
“potatoes. This brings us to a very important step in the method to be 
used. Having found one cause of changes in the price of potatoes, 
we must remove the changes due to that cause, and then it will be 
_ easier to see just what changes remain to be explained. This is a SE 
which will be repeated with every new factor discovered. 
The effect of the changes in value of the dollar can be removed 
by dividing the price of potatoes by the index number of the general 
price level, which seems to be the best measure of the way the changes 
in the value of the dollar affect the price of potatoes. The result is 
hown in Figure 2. We may call this a chart of the real value of 
otatoes or, for brevity, merely the value of potatoes. The average 
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price level of 1913 is taken as 100 per cent and all changes are meas- 
ured from that point. If the price of potatoes were $1 per hundred- 
weight during a season in which the price level was 100 per cent, 
we should say that the value of potatoes was $1 per hundredweight. 
But if the price of potatoes were $1 per hundredweight during a sea- 
son in which the price level was 200 per cent, we should say that the 
value of potatoes was only 50 cents per hundredweight. 
DOLLARS PER CWT 


AT 1913 PRICE LEVEL 
2.50 


2.00} 


150 


“1902 1405 1a10 1915 1920 1925 


Fig. 2. Changes in Price of Potatoes with Effect of First Factor Removed 


After making allowance-for the changes in the general price level, the first factor con: 
sidered, the price of potatoes still shows wide fluctuations from one year to another. 


The most important facts to be noticed about Figure 2 are that 
fluctuations are somewhat smaller and that the changes after 1915 look 
more like the changes before 1915 than in the original chart of the 
price of potatoes (Fig. 1). This is the result of removing the effect 
of the first factor, the changes in the value of the dollar. 


2. TREND OF THE VALUE OF POTATOES 


Examination of Figure 2 suggests that there has been a gradual 
increase in the value of potatoes during the period covered, or at least 
up to 1919. Taking the period as a whole, the prices of potatoes have 
been rising a very little more than the prices of most other commodities, 
and when the value of potatoes is measured in terms of goods in general 
it shows a slight upward trend, as represented by the “normal” line. 
The change in this normal is not great, but its effects must be 
removed, just as the effects of the changes in value of the dollar were 
removed in order to determine how completely the changes in the price 
of potatoes are explained by these factors and the remaining factors ‘ 
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to be considered. In removing the effect of the changing normal value 
of potatoes, it is necessary to express the remaining fluctuations in 
terms of percentages of normal instead, of in dollars. The result is 
shown in Figure 3, which looks exactly like Figure 2 except that the 
curve showing the fluctuations in the price of potatoes has a horizontal 
trend and is higher in the chart; and the scale is given in percentages 
of normal instead of in dollars. The changes are almost as great after 
removing the effects of this second factor as before. 
PER CENT 


OF NORMAL 
250 


200 


{50 


100 


50 
1902 (905 Iq10 JUS 1920 1925 
Fig. 3. Changes in Price of Potatoes with Effect of First and Second Factors Removed 


The second factor considered is the change in the normal value of potatoe:. Taking 
account of this factor makes only a slight change in the appearance of the price curve here as 
_ compared with that in Figure 2. 


SECU CDUATIONS IN PRODUCTION, OF POTATOES 


Everyone knows that changes in the production of potatoes result 
_ in changes in price. When the crop is large the price must be low or 
they cannot all be sold; and when the crop is small, consumers are 
_ willing to pay a high price for what they can get. Of course, if any- 
one had a monopoly on most of the potatoes raised, it would pay to 
hold the price high even if the crop were large and let all the potatoes 
not used go to waste; but as’ it is, no producer or group of producers 
is willing to let his potatoes go to waste while all other producers sell 
their potatoes at a high price. Even if a single co-operative organiza- 
tion could get control of as large a proportion of the potatoes ‘raised 
in the United States as the Sun Maid Raisin Growers’ Association has 
of the raisins, they could not set the price so high as to cause large 
quantities of potatoes to go to waste, without being condemned by the 
courts as a monopoly. — 
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While everybody knows that when the crop is large the price must 
be low in order to have the potatoes used, not everyone knows or 
remembers that much of the extra crop is used on the farm and can 


best be used there. When the crop is large, it never pays to ship . 


small and inferior potatoes to market; it is much better to keep them 
on the farm and feed them to hogs or cattle. 


TABLE Til 
TwenTy-sEvVEN Late Crop Stares* 


1 Maine 10 West Virginia 19 South Dakota 
2 New Hampshire tt Ohio 20 Nebraska 

3 Vermont -~ a2 Indiana 21 Montana 

4 Massachusetts 13 Illinois 22 Wyoming 

5 Rhode Island 14 Michigan 23 Colorado 

6 Connecticut 15 Wisconsin 24 Idaho 

7 New York 16 Minnesota 25 Washington 
8 New Jersey 17. lowa 26 Qregon 

9 Pennsylvania 18 North Dakota 27 California 


* States usually making over half their potato shipments after the first of September. 


While many people think of the production of potatoes for the 
entire United States as affecting the price for the late crop, this is 
not entirely true. It is only the part of the production which is avail- 
able for use after the first of September that affects the price after 
the first of September. There are 27 states which make over half of 
their potato shipments after the first of September, as listed in Table III. 
While the production in these 27 states is not an entirely accurate indi- 


cation of the total crop available for use after the first of September, 


owing to the fact that considerable quantities of potatoes are shipped 
out of these states before September, while states farther south continue 
shipping after that date, it is the best available figure on late crop pro- 
duction. Table IV, compiled from the reports of the United States 
Department of Agriculture with certain revisions in the acreage figures, 
shows the acreage, average yield per acre, and production for the 27 late 
crop states since 1902. 


A crop of 300,000,000 bushels for these 27 states, which would: 


have been a very large production in 1902, would be considered small 
now. In judging whether a crop is large or small, it must be con- 
sidered in relation to a normal production which increases from year 
to year, allowing for the increase in population of the country and 
changes in consumption habits. The usual way of calculating a normal 
when it is not changing from year to year is to take an average. For- 
tunately, mathematical methods* have been worked out for calculating 


8 The most commonly used of these methods is called the ‘‘method of least squares.” It 


is really not a method, but a principle, which is applied in various ways to suit different cases. : 


As applied in the simplest cases, it is familiar to everyone, being merely the ordinary average, 


1 


| 
! 
! 
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a sort of average which allows for a regular change from year to year. 
Instead of a single value, this gives a series of values, and when they 
are plotted on a chart, a line may be drawn through them as shown 
_ by the line marked “normal” in Figure 4. The same method was used 
in calculating the “normal” value of potatoes shown in Figure 2. 


TABLE IV 


ACREAGE, PRopucTion, AND AverAGE YIELD PER AcRE oF PoraTors IN ‘TWENTY-SEVEN LaTE 
Crop STATEs, 1902-24 


Year Acreage Yield per acre Production 
Thousands Millions 
of acres Bushels of bushels 
1902 2621 96.0 251.6 
1903 2567 87.1 223.6 
1904 2629 115.2 302.8 
1905 2575 88.1 226.8 
1906 2558 105.9 271.0 
1907 2622 98.4 258.1 
1908 2686 86.6 232.6 
1909 2874 111.1 319.3 
1910 2841 96.5 274.2 
IQII 2797 88.4 247-3 
1912 2907 118.5 344.5 
1913 2866 94.8 Py ger 
1914 2910 119.5 347-7 
1915 2932 94.8 278.0 
1916 2771 78.5 217.5 
1917 3079 103.6 318.9 
- 1918 ; 2998 100.5)“ 301.3 
1919 2950 93.0 274.5 
1920 2967 114.6 340.0 
1921 3169 95.5 302.5 
1922 3470 I10.1 381.9 
1923 3021 1 I 4 347-7 
1924 2829 132.3 7 374-3 
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fig. 4. Production of Potatoes in Twenty-seven Late Crop States 


: The normal production of potatoes is increasing about 3,400,000 bushels a year, but the 

actual production varies greatly above and below this normal. Comparison with Figure 3 will 
_ show that there is a close correspondence between the changes in production and the changes in 
- price. 
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The relationship between production and price can be seen quite 
clearly by arranging the years in the order of the size of the late crop 
(relative to normal) as in Figure 5 and drawing a vertical bar for 
each year having a height proportional to the price, after correcting 
the price for the effects of changes in the value of the dollar and for 
its trend. 
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PRODUCTION, PER CENT OF NORMAL 


Fig. 5. Relation of Production and Price of Potatoes 


When the production of potatoes is small the price tends to be high and when the produc- 
tion is large the price tends to be low. In 1916 the production was ‘only 72 per cent of normal 
and the price was 217 per cent of normal; in 1912 the production was 120 per cent of normal 
and the price was 77 per cent of normal. Even in years of almost the same relative production, 
the price may vary considerably, as between 1902, 1906, 1917, and 1923. The curved line shows 
the average relationship between production and price. 
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It might be expected that when the same relative production was 
found in more than one year, the price would be the same in those 
years; but when it is remembered that there are other factors affecting 
price, it is clear that the price is likely to differ even between years 
when the relative production is the same. The price figures used in 
Figure 5 have already been corrected for the changes in the value of 
the dollar, but there are still other important factors which affect the 
price. 

If we had figures for many years, we could pick several years in 
which the production was 5 per cent above normal, calculate the aver- 
age price for those years, and thus get a good idea of the effect of a 


production 5 per cent above normal. Then we could take several years 


in which the production was 10 per cent above normal and find the 
average effect of that production; and so on. We cannot get figures 
for enough years to do this, but there is another way of getting almost 


the same result. When it was necessary to get an “average” produc- 
y g 
_ tion which showed the way in which the average was changing from 


year to year, we used the method of least squares. The method of 
least squares can also be used to get an average price which shows 
the way in which the average changes with changing production. The 
line drawn through the dots in Figure 5 shows the way in which 
price may be expected to vary with changing production as determined 
by this method. The results may be described briefly as follows: 


When production is Price will probably be 
above normal below normal 
(per cent) (per cent) 
MESES TS Pha he aaa! ow Sas 20 
LO). Aas ee eo Acre CH ie ar 17 
Sy ES ae eee ee aie eae fe) 
below normal above normal 
1) SaUR Baye eal ane Ente Rena nee eee ara rte 26 
"BO yee A carne on ee te Sed ek 70 


‘The normals from which these percentages should be figured for 


3 the next three years may be obtained from Table V. 


TABLE V 


~ Normat Propuction in Twenty-sEvEN Late Crop States anp Normat VALUE oF PoTATOES 


in St. Paut anp MINNEAPOLIS, 1925-27 


Year | Normal production Normal value per cwt.* 
: Millions of bushels Cents 
1925 334.9 85.3 
1926 338.3 85.4 
1927 a 341.7 85.4 


: . . 
* At 1913 price level. Multiplying these figures by the price level index number for the 
year gives the normal price of potatoes for that year. 
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Having found the relation between price and production, it is pos- 
sible to remove the effect of changing production, just as the effect 
of the changing value of the dollar and the effect of the trend of the 
value have already been removed. The result is shown in Figure 6. 
By comparing Figure 6 with Figure 1, it will be seen that the three 
factors which have been considered—value of the dollar, trend, and 
production—explain a large part of the fluctuation in the price of po- 
tatoes, for after the effect of these factors has been removed, only a 
relatively small proportion of the original fluctuation remains. 

OF NORMAL 

250 


AN A 


PER CENT 


200 


150 


50 

1902 1905 1910 1aiS 1920 ae 

Fig. 6. Changes in Price of Potatoes with Effect of First, Second, and Third Factors 
Removed 


The third factor is production in the late crop states. After making allowance for the 
changes in production as well as for the changes in general price level and normal yalue, the 
changes shown still remain to be explained. 


4. PRICE OF POTATOES IN AUGUST 


The effect of the price of potatoes in August on the price later 
in the season is indirect and would not have to be considered at all 
if we knew the quantity of potatoes actually available for use after 
the first of September. But in getting figures on the size of the crop, 
the best that can be done is to take the total production for the states 
that put more than half their crop on the market after the first of 
September. If the price of potatoes is high during August, a con- 
siderable part of the crop of these states will be put on the market 
before the first of September; while if the price is low during August, 
more of the crop will be left for sale after the first of September. 
Accordingly a high price in August will tend to increase the price 
later in the season, and a low price in August to decrease the price 
later in the season. The lateness of the season has an effect also, 
but no means has yet been worked out for measuring it. 
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The price of potatoes in August in St. Paul and Minneapolis is 
not a good indication of the price over most of the area which ships 
large quantities of potatoes in August, hence it is better to take the 
price of potatoes in New York City, which is the most representative 
market. The figures used are shown in Table VI. In estimating the 
effect of the price in New York in August, it is necessary to con- 
sider its relation to the normal price in August, just as it was neces- 
sary to consider the relation of production to its normal. The ratio 
of the actual price of potatoes in August, in New York City, to its 
normal may be obtained by first correcting for the change in the value 
of the dollar, thus obtaining the value of potatoes in August, and 
then calculating the trend of the value, as was done with the price 
of potatoes in St. Paul and Minneapolis, and taking the ratio of the 
actual value to the normal given by this trend. When this is done, 
it is found that for every I per cent that the price in New York in 
August diverges from its normal, the price of potatoes in St. Paul 
and Minneapolis for the season from September to May will diverge 
three tenths of 1 per cent from its normal.* The normal values of 
New Jersey Giants and Cobblers in New York in August for the 
next three years are shown in Table VII. 


TABLE VI 


Averace Price or New Jersey Giants anp Cossyers In New Yorx City 1n AucGust, PER 
150-PounD Sack, 1902-24 


Year Price 
DDD con che EO OIOERS CAEN SCIONS DICER RSS ORR ION Or $1.04 
RQOSte. 6 pS SIS AIRE ERIC Cac AROSE gRECENE uCeeReS ecto cane L571 
ACRES areata WA Arco yoyso vas rer easels sallatiaison diesem yee etallita are) ar eiies 1.28 
DIOS fevel er atin nie oie) woe e's! 9 in we) # eleyel la nie sia) ole 9 s*e/a, 8.00 Sis viel © 1.42 
ED CEPR rote a Sen aks os hasa stich uals re lesshur do ciakersuclts aaieosivror sta Ta20) 
1 EDF occ SAS eMC STEP O OR CIEE ROR oR POT Oe 2.09 
RT eter ta Ne teva a piatA ree vie asc ani a,c eS lalate ape el avez 2.31 
PEO Steer eee ensue aha dir ser ye Hal au Neistehas gi erah nuateistomhevares 1.92 
Pe CMe reas Cosy eats Rt oy cho ces cuCv; mas cy Siew eis: neers rol Neraao wero 1.74 
MESES TR Ne t= atcto? ss evn lofts: = diprovenslate¥sccisla’seeiste ate azote siaiiehe 2.79 
TCR, Gane OOS Do ete a en Ee cach pone rage ree 1.80 
TPT S age Gio: DORE ERO oe oam Sige, oc ie Sarda aaneecer NA io 1.93 
PQA clay ater “> cust ial aleliain.ete wieterene [Boone CEM RAC OG e UEC OAS 1.80 
WSS eee SS et REEL ROTO PRODI gE COED EBS TOL IEE 1.06 
PIS RICE ns citar « ereeMelor ie uses otelledeie Wyslntelaiee sar eiovst sv epmisiie 2.48 
OME civeks) ofs"steyecr etale Meiip Dini Os pls OSU COD Or Ags DE GOD ae eer} 
DiC, BUM ARERR Sealants cy ce) coche ban Ce ORcnnee CEP acer reM Cae ea 3.88 D 
RG)LICY 316 S tae Meco ie eo ERE eden Tres cts Da cen ROOT ISTO Hea 4.86 
TBD Sa SB OER CON o DIO. CON AeDIDOO dee err OOo Cea Te 3.22 
UBRE Sis cS hoe THES CPEND OREO BS eS er ae OA ORC er Scere are 3-90 
RODS 5 Vs AB clay Ole UL OcIe 0 AO UU cera OI RC AEC 1.40 
EGO te oc sl OEM RODE EITTOG RD ORO TT ORO Sreae SSO ON) = eidor 
OE 52 pe APSR D ROD OO DCE Ia OND ones Menisve share: ive 1.90 


4'This is as accurate a statement as can be given without taking account also of the size 
of the late crop. When the late crop is small, a 1 per cent variation in price in August has 
more effect than when the late crop is large. The only satisfactory way to take account of 
this is by the use of the formulas given on p. 37. 
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TABLE VII 


NorMaL VatuEs or New Jersey Giants AND CoppLers 1n New Yorx City 1n Aucust, 
1925-27, DoLLARS PER 150-PouND SacK* 


Year Value 
DQ25 er atece vd ialocele riven 010) oie oie b%6-5,\0\ wisn 6 0 By ni ole '0,\¥ 0. 9) 6 eicahiurs 1.59 
DODO avec e yee ees cre PAN cate aver Ric eiMictaiateiny a aVeuesate re ativcrere ener aes 1.58 
GO hers tile' (aye ake san NCRIR Ie se Nee uns ela tai ahe Deaton Re Po ieeirine, PERG prolsi/ 


* At the 1913 price level. Multiplying these figures by the price level index number gives 
the normal price for the year. 


Making use of this knowledge, we may now remove the effects 
of the price in August. The result is shown in Figure 7. 
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Fig. 7. Changes in Price of Potatoes with Effect of First Four Factors Removed 


The fourth factor is price in August. The first four factors explain most of the changes 
in the price of potatoes, but the price was considerably higher in 1903 and 1919 and lower in 
1905, 1916, and 1923 than can be accounted for by these factors alone. 


5. VARIATION IN QUALITY 


Another factor which influences the price of potatoes is variation 
in quality. In some years the quality of Minnesota potatoes averages 
very high, in other years, low. No absolute standards of quality 
have ever been worked out for potatoes, partly because it is so diffi- 
cult to define what constitutes good quality and partly because opinions 
as to quality differ. The only reliable basis for judging quality is a 
knowledge of what consumers want and for what they will pay. 

The best way to determine the effect of the quality of potatoes 
seems to be to compare the prices at which Minnesota potatoes are 
selling with those of other potatoes. The comparison should be made 
with the prices of potatoes from various other districts, or with the 
average price of potatoes from a large district, in order to be sure 
that an unusually favorable price for Minnesota potatoes, for example, 


S 
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is really the result of good quality in the Minnesota potatoes and not 
merely of poor quality in those with which they are compared. 

The best measure of quality found for statistical purposes, when 
it is necessary to have figures back to 1902, is the difference between 
the price of Minnesota potatoes in St. Paul and Minneapolis and the 
price of what are known as “Maine” and “State and Western” po- 
tatoes in New York City, in November or later. This difference 
- must be compared with the normal difference, which varies with changes 
in freight rates and changes in the price level. The difference is 
affected also by the size of the late crop and the percentage of the 
crop produced in the western states. This renders the comparison 
rather difficult, and many people may prefer to base their own con- 
clusions on a study of the prices of Minnesota potatoes in comparison 
with those of other potatoes in markets where both are sold side by 
side. 


CENTS PER CWT. 
+100 
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Fig. 8. Difference between Price of Potatoes in St. Paul and Minneapolis and Price in New 
~ York City 


New York prices are on Maine and New York State potatoes. Taking the average of 
the potatoes from these two states together, the quality usually does not change greatly from 
_ year to year, When the difference is small or even in favor of Minnesota, as in 1919, it is 

a good indication of unusually high quality in Minnesota potatoes. When the difference is 
above normal, as in 1923, it! is a good indication of unusually poor quality in Minnesota 
4 potatoes. After making allowance for certain other factors affecting the difference, an excellent 
indication of changes in quality is given. 
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If it is desired to judge the quality of Minnesota potatoes by a 
comparison of the price of Minnesota potatoes in St. Paul and Min- 
neapolis with the price of “Maine” and “State and Western” potatoes 
in New York City, the formula given on p. 39 may be used. This 
formula applies specifically to the difference in November, but is 
usually quite accurate for any date after the first of November. Be- 
fore the first of November, the difference is not a very reliable indi- 
cation of the difference in quality. Figure 8 and Table VIII show 
the fluctuations in this difference for November of each year since 1902 
and the normal’ difference for each year. 


TABLE VIII 


Price or Porarors PER HuNpDREDWrIGHT IN ST. PaAuL aND MINNEAPOLIS AND IN NEw YorxK 
City, NoveMBEeR AVERAGE, 1902-24 


Price 
Year -- - Actual Normal 
In St. Paul and In New York Difference Differencet 
Minneapolis* City} : 
POOLS eee A yoko tears ene $0.57 $9.97 $0.40 ; $0.26 
EQO Ree esse OE 0.90 0.98 0.08 - 0.26 
DPOOA acre xrte-vitan tie masa ane 0.50 0.85 0.35 0.26 
LO isrnte eter spoteaensieenste stereketeee 0.88 1.23 0.35 0.26 
TO GOni cists ertimare mec a eee 0.63 0.85 0.22 0.27 
LQ OW sence arsed donee bee wh 0.77 0.97 0.20 0.28 
HF QO Spare chester el otek apnea Seine 0.95 1.32 0.37 0.28, 
EGO Waren oon Te 0.65 0.93 0.28 0,28 
TOLORy sane ois, wer dake seer agee ete 0.80 0.85 0.05 0.29 
EOD ateaeccteioteyeerrasaavees temas e i553 1.50 0.37 : 0.29 
DOT Boe cieie aM ebe seecins, Smo 6 aad 0.70 1.07 0.37 "0.30 
TOW ee citearaieliais vallais capstan ee 1.02 1.18 0.16 0.30 
TiC Se em ak ale eae. $y 0.57 0.90 0.33 = “0:30 
MOMC GH: voit ats vibes he cesaveay aemneene 0.85 Toy, 0.42 0.32 
POLO. cs sists cin a tersare mee eke She 2.82 0.33 0.36 
HONG Deere Ee aronee Top oe EOF 2128 0.26 0.41 
FG US voce tee is oes eer ere 1.62 2.28 0.66 0.49 
5 op Com AR eb GES OOMPOND Loe 2.65 2.62 —0.03 y 0.51 
POLO. Scheme Te ee 77 u2s0 5 O53 0,61 
EOS The Ta Eee ii iy 2.08 0.61 0.54 
nC PNET rR eet Sey eS 0.70 ee 0.67 0:52 
SERA vekirsetel canine te seats Pega el 0.81 Ly 0.96 0.59 
LOSE Wavetgre state a Mead ated 0.68 1.16 0.48 0.59 


* Prices apply to average quality Minnesota potatoes, table stock. - 

+ U.S.D.A. Yearbook, 1922, page 676, supplemented by information supplied by the 
U.S. Bureau of Agricultural Economics. Prices apply to ‘‘Maine’” and ‘State and Western” 
table stock. 

+ The “normal” difference is given by the equation: 

Normal difference (cents) =0.0474L+-0.00335tL+0.891F 
Where L=price level, (1913100); 
t =time, measured in years trom 1900; 
F=freight rate in cents per hundredweight, as shown in Table IX. 


» 


FACTORS AFFECTING MINNESOTA POTATO PRICES 19 
TABLE IX 
Fretcut Rate PER HuNDREDWEIGHT ON Potatoes in Car Lots From Sr. PAu or 
MINNEAPOLIS, 1902-24* 
Year To Cincinnati To Pittsburgh Mean 
Cents Cents Cents 
GOR PRN eI dP ease Te Salas fos 22.0 25.0 23.5 
SO Se ered hte eraais ek hatie tei ereie er Me oe Oe a 22.0 25.0 2306 
EVO o Siig Clade Oe UCN RDO RRR oes ee 22.0 25.0 23-5 
OOS) oy a sree) ie lever, «ys ini DACRE ORO SICN 22.0 25.0 23.5 
SUN serene rst ote tate Stic tajeiatieleve toca (wieks.ooseue = 22.0 25.0 23-5 
OLY sy roster as CIAO eee oe a 22.0 25.0 23.5 
BOG suai Ets) s Suen eck safes COONS, hos Seat eee 22.0 25.0 23.5 
RUG SG pears terer een) Stee: aeiaionsa:te lla vos i 22.0 25.0 25 
EU IL Onsite eheinlginiatsls, ¢ aia sa AE OAT OR Et SOO GD 22.0 25.0 2355 
EEO 5.2 See ot aS RS ERIE oan 22.0 25.0 23.5 
TEE eal 00 Gare Losec Race DS CRORE eo 2.0 25.0 23-5 
CUED, Bahk Sia o Senco ee CRS eee en 2.0 25.0 2355 
CONE Se denn} ee eae fhe exert 22.0 25.9 23.9 
ETS s 8 Go atl OS a On COO ROSIE ee 23.1 26.3 24.7 
ACS GRE eee Oe 23-1 26.3 24.7 
LOG) yaic, AA OS eS OD OID eee eee 2aer 26.3 24.7 
BsUey MME ROL a) estefan say ee/APessi'se. 0 oa a are 29.0 33-0 “3550 
TSUDA San Oboe 6 fo Oe ee 29.0 33-0 31.0 
BOO acter emite reise arinayathe ae sa. ¥ 2g 38.5 44.0 AI.5 
ADEE Re EG RS SNe ee 38.5 44.0 41.5 
ioe 0S Cae eee Maes Sess wieh ss 34.5 39-5 37-0 
Beary See pceye Tale GoD SMCS Oe 41.5 47-5 44-5 
GEIS te SoS Oe OIC Oe 41.5 47.5 44.5 
* Rates in force in November of each year. 
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fig. 9. Changes in Price of Potatoes with Effect of Five Factors Removed 


The fifth factor is variation in quality. The five factors together explain most of the 
changes in the price of potatoes, as may be seen by comparing the changes shown in Figure 1 
with those that remain after allowing for the effects of the five factors, as shown here. Losses 

from late blight rot will explain part of the remaining changes. When late blight is heavy, 
there is usually a good deal of rot in storage and the price of good potatoes goes up. 

The extent to which the actual price in 1916 fell below the expected price suggests an 
underestimate of the production for that year, indicated also by a study of Figure 12. 
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Fig. 10. Changes Remaining To Be Explained at Successive Stages in the Study 


When the curves shown in the preceding charts are brought together, it is easy to see 
that each factor considered has helped to explain the changes which actually occur. The top 
curve shows the actual changes in the price of potatoes; the second curve, the changes which 
remain to be explained after allowing for the effect of changes in the general price level and 
in the normal value of potatoes; the lower curves, the changes remaining after allowing also 
for the effects of the third, fourth, and fifth factors, respectively. Most of the changes in the 
top curve are accounted for by the five factors, but some still remain in the last curve. 
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If the variations in quality of potatoes are determined in this 
way and their effects removed, the fluctuations which remain are 
those shown in Figure 9. As this is the last of the factors determin- 
ing the changes in the price of potatoes from one year io the next 
for which it has been possible to get a measure, it is interesting to 
note how far we have gone in explaining the changes which actually 
occur in the price of potatoes from one year to another. Figure 10 
shows the curves of five preceding charts brought together for com- 
parison. ‘The top curve shows the actual changes in the price of 
potatoes; the second, the changes which remained after removing 
the effects of the first two factors considered, namely the changes in 
the general price level, and of the upward trend in the real value of 
potatoes. The -remaining curves show the changes which remain 
unexplained after removing successively the effects of changes in 
production in the late crop states, of changes in the price in August, 
and of changes in quality. The changes which remain unaccounted 
for, as indicated by the last curve on the chart, are relatively small 
compared with those shown in the first curve. 

Another way to make the comparison is to show the changes which 
actually occurred as compared with the changes which would have 
occurred if the price had been affected only by the five factors whose 
effect has been measured. Table X gives the actual price, the “cal- 
culated price” (obtained by taking account of the five factors which 
have been considered), and the percentage difference between the two. 
The comparison is made graphically in Figure 11. 

TABLE X 


CatcuLateD anp Actuat Price oF Porators PER HuUNDREDWEIGHT IN St. PAUL AND 
Minneaports, Nine-Montu Averace, SEPTEMBER TO May, 1902-23 


Calculated Actual Per cent 
Year price price difference 
HE WEEOS} 55.08 belo Soi) tte On nem $0.61 $0.58 =G 
WOE. 9 a4 L'a Ae een 0.96 I.10 x +15 
PLO OAKO Sie ceia nee Sev es Hotes eee ae 0.51 0.49 —4 
MIREOORI AMO an pois ais ss fencing hens 0.84 0.77 Pa: 
INCNG-Oyen . cgA cate Ate eee RRC 0.72 0.70 a 
TOGO Gist nia sa eek oss Pesce net lays 0:93 0.90 ic. 
LUKE) 56S ehiclia © cheat e SEER aEnoRCaEER I.10 Lely: +7 
SIO EO Mata Risen riiel she 5, a)f=!s)-v > aie) 0 «oy, «0, J: 0.61 0.58 as 
Qa O Sr Reeptete erste liv isrtie ciate fai.eosiajesene aes: 0.98 0.90 <= $5 
LPR eerie sis cont eyes te at ee 1.35 1.39 Ee 
Bega etn eV lies) wlisiie'(e celeron) «!lo 0.'e!'ei ee o\'s0 0.63 0.66 +4 
OM ReAisserw ive, ise s os «ks ee vip snes alee I.14 1.02 270 
ED ERS cheenle Nein is ene less. ss ene sie wie 0.62 0.68 +9 
WOMB DOs cyoc ais wrave eles aw Tie beeeseeee ¢ 0.92 1.03 +411 
LOLG-17. 0+. +-- A SiC DRL ey ROO CRE ea 33338, 2.82 —16 
EO eV Ole af s/stelaiaieie)<(n)'a%a vier inieveie's Boy svete 1.58 1.63 Bieta 
PGMA Sela c fous en 2) 0:5 sieler-ayer dle) ot< 1.76 1.76 0 
RGROr SOs ats alae atm «00 alain @ aus alel els) ap. 3.28 3.64 +431 
TQ2ZO-2T cece eee cee newer ene ees 1.29 Tears =—=Jy2 
ORT 22 ie oi dinieliiafalsieiers(e anise rnc sees 1.35 1.56 +16 
ANS An wana) we ene Ries esp 0rn: econ Benees 0.83 0.75 —t10 


1923-24 Cece SAE RRS ALOR TORRES COS IIa 0.90 1.00 +air 
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Fig. 11. Actual and Estimated Prices of Potatoes, 1902-23 


The hollow circles connected by the dotted lines show what the price would have been 
each year since 1902 if it had been affected by these five factors only. The solid circles show 
what the price actually was. The five factors explain most of the changes in the price of 
potatoes. : 


It is noticeable that the differences between the calculated prices 
and the actual prices are greater since 1916 than in earlier years. This 
may be due to increased difficulty in getting reliable production fig- 
ures. There has been considerably more fluctuation in acreage of 
potatoes in recent years than previously and the United States De- 
partment of Agriculture finds it very difficult to get accurate esti- 
mates of these changes in acreage. Errors in the acreage figures 
result in corresponding errors in the production figures and any error 
in the production estimates results in about twice as great an error 
in the calculation of the price which will move the crop. For example, 
Figure 12 shows the estimated acreage for 1916 considerably below 
the acreage for 1915.° If this estimate for 1916 was too low, then 
the price calculated from the production figures for that year would 
have been too high. This may be the explanation of the fact that 
the calculated price for 1916 was considerably above the actual price. 


5 Data from Table IV. 
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Fig. 12. Acreage of Potatoes in Twenty-seven Late Crop States, 1902-24 


The acreage of potatoes usually does not change much from year to year except for a 
steady increase. This fact opens to question the drop in acreage shown for 1916. In recent 
years, however, the changes have been greater owing to the readjustments of the post-war years. 


6. LOSS IN STORAGE 


One other important factor is known to influence the price of po- 
tatoes, namely, variations in the quantity of potatoes lost in storage 
and in transit, owing principally to rot. In some years potatoes suffer 
seriously from rot in storage, especially from late blight rot, while in 
other years losses are very small. These losses have at least as much 
effect on price as a reduction in the quantity dug. Unfortunately, 
however, no accurate statistics have ever been kept on loss in storage, 
and it is not possible to predict the loss with any accuracy or even to 
know what it has been in any one year. 

Since 1903 the Plant Disease Survey of the United States De 
partment of Agriculture has kept records of reports on the preva- 
lence of late blight in the fields. By going over these reports it is 
possible to make an estimate of whether late blight was light, moderate, 
or severe in any one year, Losses in storage from late blight rot are 
not exactly proportional to the extent of late blight in the fields,but 
it is interesting to compare the estimates of the extent of late blight 
with the fluctuations in the price of potatoes which remain after re- 
moving the effect of the five other factors considered. The dotted 
line in Figure 9 shows the variation in the extent of late blight in 
the fields. The data are so inadequate that no attempt was made to 
distinguish between years when the blight was “light” and those when 
it was “very light,” or between years when it was “severe” and when 
it was “very severe.” It is readily seen, however, that variations in 


24 TECHNICAL BULLETIN 29 


loss in storage will explain a considerable proportion of the fluctua- 
tions in the price of potatoes which remain after removing the effects 
of the factors previously considered. ‘ 


PRICE CHANGES DURING THE: SEASON 


Thus far we have considered only the changes from one year to 
the next in the average price for the season. It has been found 
possible not only to tell what are the factors which cause most of 
these changes, but also to measure the average effect of the five fac- 
tors which explain most of the changes, namely, (1) value of the 
dollar; (2) an upward trend in the value of potatoes; (3) produc- 
tion in the late crop states; (4) the price of potatoes in August; and 
(5) variations in quality. It is not so easy to explain the changes 
in price during any one season. A general explanation of the causes 
of. the changes can be given but no method has been found for de- 
termining what part of each change is due to each cause. Figure 
13 shows the changes which actually occurred in the price of potatoes 
in St. Paul and Minneapolis from month to month for each season 
from September, 1899, to May, 1923. Figure 14 shows the changes 
from day to day during the 1923-24 season. 


NORMAL SEASONAL CHANGE 


One factor which we know must affect the price of potatoes dur- 
ing any one season is the fact that no one is willing to store potatoes- 
from fall until spring unless he expects the price to rise enough to 
cover the costs of storage, including the inevitable shrinkage. Table 
XI shows the average price of potatoes for each month of the season 
for the 16 years from 1899 to 1915 and also the percentage relation 
of the price each month to the average price for the season. It is 
more convenient, however, to calculate seasonal variation in terms of 
cents rather than of percentages. The figures in the first column 
of Table XI cannot be used for this purpose under present conditions, 
as a greater change in prices from fall to spring must be expected 
than in the years before the war. Prices of potatoes and most costs 
of storage are higher now than in the years from which the averages 
shown in Table XI were calculated, and farmers and dealers require 
a greater increase in price from fall to spring to pay them to hold 
potatoes. 
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‘ 
TABLE XI 


SEASONAL VARIATION OF Price oF PotatoEs 1n MINNEAPOLIS AND ST, Paut (S1xTEEN-YEAR 
AVERAGE, SEPTEMBER, 1899, To May, 1915) 


Average price Per cent of average 
Month per cwt. for season 
Cents 
SRI OU NS e OO aang oes DERI cit ERE CCE I ao eee 82.3 96.2 
WO CEONCLE Mette tata Mae lc sales a mieulee ea o's Moc ares 75.8 88.6 
EN or ceEI DSI MMe Ney Uey tng eR re tyr oesia tiaesate ann artless oncuecal bined « 78.5 91.7 
ECEMINCL EMME Pi ee eel ister vis oer we uletle se tials ae ee 79.8 93.2 
YEA TOSS 1,27) Stari Ge eles ene Tie Soa Ree nee Sen OO 85.8 100.3 
RE ES aS PIETY Starlet aca al ni'vaiaiisnceaCafeae’ 6 (e\eca: #islWis. a: ves 91.3 106.6 
I icte CUM eee Sr aes an etc eno aaa cre iniGit de sie'aercccie sane es 92.6 108.3 
Lany ll eels ® aectn: 225i Cin DNS Bie Senn ioe a ae a 95-1 III.1 
ES NACo re ee inti et a) Sivvels w alehaieialeerere ewe er eweess 94.0 109.9 
Average (harmonic Mean). .+...c..ccece wees reese 85.6 100.0 


A good indication of the price changes to be expected during the 
average season at the present time is given in Table XII. The first 
column in Table XII shows the figures from the second column of 
Table XI expressed as percentages above and below the average for 
the season. The second column shows these percentages applied to: 
a price of $1.28 per hundredweight, which is about normal for pota- 
toes in St. Paul and Minneapolis with the general price level which 
has prevailed since 1920. 


TABLE XII 

SEASONAL VARIATION To Be ExpectEep 1n Price oF PoratToErs oN PrEsENT Basis 

: Percentage below Cents per cwt. 

Month f or above average below or above 

fo for season average for season* 

Cents 
SOTA" Gache a6 © LoCo ea ee eC a — 3.8 = i) 
(SURE 5.9 dae 6/0 SDI RRC nS Re 11.4 —14.6 
SMPDNICIAIES® pn 6 BLS. co Os EN ee — 8.3 ‘ —10.6 
December .......-. - chido ni ORO o GaMMOIG hear O — 6.8 Sy 
RIMES coc ceo be ee + 0.3 Altes 
IDSUSC YAR on conch blero As etc MICO Ree + 6.6 + 8.4 
OMEGS, 09.4.5 bol Sic SI ERO + 8.3 +10.6 
eae PES oA vr oye vis aileiene ofas tines is yitvace oe Ir. 414.2 


Iie |G sn gcd cle oidlene OMS gn UgNse CREME CRPRER aeRO Renae + 9.9 +12.7 


* Based on average price of $1.28. 


From this table it is easy to calculate the increase in price to be 
expected between any two months. For example, comparing October 
and April we expect a price in October 14.6 cents below the average 
for the season and a price in April 14.2 cents above the average for 
the season, which means that we expect an increase in price from 
October to April amounting to 28.8 cents per hundredweight. Every 
farmer should figure out for himself whether he can make money 


_ storing potatoes for this increase in price. 
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A glance at Figure 13 will show that it is very unusual for the 
price during any one year to show the normal or average seasonal 
change. The dotted lines marked “ideal” price show how the price 
would have varied each year if the average for the season had been 
affected only by the first four of the five factors affecting the sea- 
sonal average price which we considered above, and if the price had 
changed during the season so as to give the average percentage change 
from month to month. Perhaps “ideal” is not the best term to apply 
to a price which would change in this way; anyone who wishes 
may call it by a different name. The purpose is to show what the 
price would have been each month if it had been effected only by 
the value of the dollar, the trend of value, the price in August, and 
the normal change from month to month. 


OTHER REASONS FOR CHANGES FROM MONTH TO MONTH 


Of course the principal reason that the price of potatoes changes 
so much from month to month, and even from day to day, sometimes 
upward, sometimes downward, is that no one ever knows just what 
the price ought to be. For example, in 1923-24 the price started 
fairly high in September, as may be seen from Figure 14. The 
crop of early potatoes was short and the price was high throughout 
the summer. The late crop was about normal and most people recog- 
nized that the price could not stay as high as it was in September. 
Farmers wanted to sell at September prices and dealers hesitated to 
buy, hence the price fell. As it went lower, more farmers felt in- 
clined to hold their potatoes or more dealers were willing to buy po- 
tatoes for storage, or both, and finally the price stopped falling. As 
a matter of fact, farmers and dealers, between them, had allowed 
the price to go too low, and late in December it was discovered’ that, 
at the prices then existing, there probably would not be enough po- 
tatoes to go around. The result was a sudden jump in the price 
from 80-85 cents a hundredweight on December 26 to $1.25-$1.30 on 
January 8. But many farmers and dealers thought this price too 
high and it was gradually forced down a few cents a week. Late 
in May it was discovered that the supply of old ‘potatoes was running 
short and the price rose again, going from $1.10 a hundredweight 
on May 24 to $1.40 to $1.45 on the last of May and still higher during 
June. 

Clearly the principal cause of these changes during the season is 
to be found in the mistakes farmers and dealers make in guessing 
what the price ought to be. In fact, it has been found possible, to 
predict these mistakes of judgment pretty accurately. When the 
production is very large, farmers and dealers are usually too opti- 
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mistic in the fall; they do not appreciate how low the price will have 
to go to sell all the crop. As a result the price stays too high in the 
fall and later has to be lowered to move the crop. Similarly, when 
the crop is unusually short, farmers and dealers seldom realize how 
high a price can be got for what potatoes there are, and the price 
starts too low in the fall and rises before spring. Farmers’ Bulletin 
No. 1317, (p. 6) of the United States Department of Agriculture, en- 
titled “Marketing Main-Crop Potatoes,” gives the following summary : 


As a rule, whenever production has approached or exceeded 4 bushels 
per capita, the price has tended downward, but the price trend has been 
upward whenever the average yield fell below 3.2 bushels per capita. 

During the last twenty years, the grower was apparently justified in 
holding only when the indicated crop was far below the average, or not 
much over 3 bushels per capita. In other years, the chance of profit to the 
grower was too uncertain to balance the added risk, cost, and shrinkage. 


Price oF Potatoes IN THE TWIN ClT\ES 
1923-1924 
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Fig. 14. Daily Changes in Price of Potatoes During 1923-24 
The crop of éarly potatoes was short in. 1923 and prices were high. When the late crop 
came on, prices fell sharply to a range of 80 to 85 cents. In the last days of December, fear 
‘of a shortage of potatoes caused the price to rise again. The market remained uncertain 
throughout the rest of the year, finally rising sharply because of a shortage at the end of the 
season. 


Of course, if most farmers followed this rule and held their pota- 
toes until spring in years of short crops, the rule would cease to work ; 
their holding in the fall would force the price up in the fall and 
when they began to sell it would drop again. 
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Another thing worth noticing about these mistakes in guessing 
what the price ought to be is that on the average dealers guess a little 
better than farmers. Table XIII shows that averaging the 6 years 
in which prices have risen between fall and spring, Minnesota deal- 
ers held 27 per cent of the stocks on January 1, while in the 3 years 
in which prices fell, dealers held only 22 per cent of the total stocks 
on January 1. Apparently, dealers generally use somewhat better 
judgment than farmers in deciding when to hold potatoes and when not. 


CARLO? SHIPMENTS OF POTATOES 


Many farmers and dealers consider it worth while to keep track 
of carlot shipments of potatoes. Table XIV shows the number of 
cars shipped from Minnesota and certain other important states, and 


_ from all states during each month since the figures have been collected, 


also the percentage of the total United States shipments each monti: 
to the total for the season. 

Table XV shows the estimated production for the states included 
in Table XIV for each year since 1917, and the percentage of the 
crop entering into carlot shipments. The percentages for 1917-18 ap- 
pear small and probably indicate that the figures were less complete 
during the first year. No figures are collected on shipments by wagon 
and truck direct to cities where the potatoes are consumed. In both 
Table XIV and Table XV, space is left for filling in figures for future 
years. 


Seer atiING EFFECTS OF FACTORS THAT INFLUENCE 
PRICE 


In connection with the foregoing discussion of each factor influ- 
encing the price of potatoes, figures have been given which will enable 
any one to calculate the effect of that factor in each year from 1925 


' to 1927. The effects may be calculated more simply, however, from 


the following formulas, which are merely short-cut methods of doing 


the figuring already described. 


For the benefit of those who find it difficult to get the latest esti- 
mates of production in the 27 late crop states, tre Bureau of Labor, 
Statistics index number, and other statistics on the current situation, 
the Minnesota Agricultural Experiment Station issues a potato market 
letter each month from September to January and at appropriate times 
during the remainder of the season. This letter contains the latest 
figures on the price situation and a discussion of the way in which 
each factor is likely to affect the price of potatoes. It may be ob- 
tained regularly by applying to the Division of Publications, University 
Farm, St Paul. 
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CONVENIENT TABLES AND FORMULAS 


A. TO CALCULATE THE EFFECT OF (1) VALUE OF THE DOLLAR; 
(2) TREND OF VALUE; (3) PRODUCTION IN LATE CROP 
STATES; AND (4) PRICE IN AUGUST 
The price which would result if these four factors only affected 

it, is given by the following formulas. The formula must be changed 

slightly for each year to allow for changes in the normal value of 
potatoes, the normal production, and the normal value in August in 

New York City. The price obtained applies to the U. S. No. 1 round 

whites in St. Paul and Minneapolis. 


1923 z 
Price per cwt.= 
(dollars) Fe Coens 58 US Wee 159 
Py 
1924 2 
Price per cwt.= 
(dollars) 725 C + .58 Ly — 159 
oan 
1925 “ 
Price per cwt= 
(dollars) ne Hin ob Len — 159 
En 
1926 a 
Price per cwt.= 
(dollars) ort 4-84, La 0 
Ps 
1927 a 
Price per cwt.= 
(dollars) FOZuC tans 7alan 60 
By 


The proper figures must be substituted for the letters in the formulas 
as follows: 


L=estimated price level for the season, based on the Bureau of Labor Sta- 
tistics “All Commodities” index number 

C=estimated crop in 27 late crop states (as listed in Table III) expressed , 
in millions of bushels 

L,= price level in August, as shown by the Bureau of Labor Statistics index 
number 

P,=ayerage price of New Jersey Giants and Cobblers in New York City 
during August, dollars per 150-pound sack. 
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The use of this formula may be illustrated with the figures for 
1923. The figures to be used in the formula for 1923 are as follows: 


L=I51 per cent of 1913 

C=343.9* million bushels 

Ey =150uper cent of 1013 

P,=3.64 dollars per 150-pound sack. 


Applying these figures in the formula for 1923 we get: 


I51 
Price per cwt:= — 
[150 ] 
733 X (343.0) + 58 {——) = i560 
(3.64) 


Making the necessary calculations one step at a time, this gives: 


I51 ISI 
Price per cwt. = = == $120 
252) 2A aneO 117 


B. TO CALCULATE THE EFFECT OF VARIATIONS IN QUALITY 


As noted on p! 18 the quality of Minnesota potatoes is quite reliably 
indicated by a comparison of prices in St. Paul and Minneapolis and 
prices of Maine and New York State potatoes in New York City, 
provided the other factors affecting the difference are considered also. 


To make this comparison, it is necessary to have the following data, . 


represented by the letters as indicated: 


Lt—Estimated price level for the season, based on the Bureau of Labor 
Statistics index number of wholesale prices of “all commodities.” 
C}—Estimated crop in 27 late crop states, expressed in’ millions of bushels. 
Cy—Estimated crop in 7 western states,t expressed in millions of bushels. 
F—Mean of freight rates per hundred pounds on potatoes from St. Paul 
“or Minneapolis to Cincinnati and to Pittsburgh. 

D—Difference between the price per hundredweight of Minnesota round 
whites in St. Paul and Minneapolis and the average of prices of Maine 
Green Mountains and New York round whites in New York City. 


These figures are then to be substituted in one of the following 
formulas, the formulas for different years being slightly different. 


* This estimate of the r923 production was revised in December, 1924, but is used in 


the illustration because it was the best figure available in 1923. 
+ These are the same figures already used. 
£ North Dakota, South Dakota, Minnesota, Wisconsin, Iowa, Nebraska, and Illinois. — 


’ 


ENS ON ee eT 


a 
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1923 Cw 
Correction for quality (cents) =L(.00083 C—.152) +F (7.47 -— —1.64) —.98 D 
G 


1924 Cy 
Correction for quality (cents)—=L(.00082 C—.149) +F (7.47 —- —1.65) —.98 D 
G 


SS re RP a et fe llegar colt 


1925 Ce 
_ Correction for quality (cents) =L(.00081 C—.145) +F (7.47 — —1.67) —.98 D 
; (G 


1926 ; Cy 
Correction for quality (cents) —L(.oo0o80 C—.142) +F (7.47 —- —1.68) —.98 D 
€ 
1927 / (Cr. 
Correction for quality (cents) —L(.oco80 C—.139) +F (7.47 — —1.70) —.98 D 
G 


The use of the formula may be illustrated with figures for 1923, 
a year in which it was especially important to correct for quality. 
For 1923 we have the following values: 


L=151 per cent of 1913 

C=343.9 million bushels @==.. 
Cy=110.5 million bushels \ 
F#=44.5 cents per cwt. 

D=95 cents per cwt. 


Substituting these figures in the formula for 1923 gives the 
following : 


110.5 
Correction for quality—=151 (.00083X343.90—.152) +44.5 (7.47 ——- —1.64) —.98 X05 


343-9 
=151 (.285—.152) +44.5 (2.40—1.64) —.08 95 
=151(.133) 144.5 (.76) —.98X95 
20.1 -1-33.6—03-1 
99:2 cents per cwt. 


Note that in this case the correction for quality is to be subtracted, 
| as it is a minus quantity. The quality of Minnesota round whites 
| was unusually poor in 1923. In some years the quality is unusually 
good and the correction for quality is a plus and is added to the 
price calculated from the four other factors included in the first formula. 
_ The final figure for 1923 is therefore: 


Galeviated) price: based On 4 factors... 0.6.0. eee wee os $1.29 per cwt. 
Woreciionero me Gali tvis sia cicicap tic srasva's crv eres ese daw @ o08 =30 


Calculated price based on 5 factors............se0.eeeeee% $ .90 per cwt. 
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‘the actual average price for 1923, as shown in Table I, was $1 
per hundredweight. The quality of Minnesota potatoes in 1923 was 
really not so poor as the market rated it in November. Later in the 
season prices of Minnesota round whites improved as compared with 
other potatoes. 


C. TO CALCULATE THE PRICE JUSTIFIED BY THE BIVE-PAG®ORS 
IN ANY ONE MONTH 


The formulas given above apply to the average price for the nine 
months from September to May for U.S. No. 1 round whites in St. 
Paul and Minneapolis. To calculate the price which these factors 
justify for any one month, it is necessary to subtract or add a certain 
amount to allow also for the normal seasonal variation. 


NorMat SEASONAL VARIATION IN THE Price oF PoraToEs 


Deviation from average 


Month price for season* 
3 Cents per cwt. 
September s cai wc Zhi suewclaluanerowscs aaee eet armed — 4.9 
(Glo fe io: aineeatearan amination Ene Seid sue nena -—14.6 
Novem DER! oilaky rete she ae maeaes swore OD, —=T0"6 
Decenibeny hi on elante es jueie ai Gele eure aaa ne spe enen Seay, 
Pan aKy 7 avn tense alae teriiee inane: aa ce oo hes EO 
FEDER aE Yh reac tans ate a alas Sreellalie stein ol Ne ee + 8.4 
IVE CE, gos Stittekaroarechacetesene one Rane Grain cree teaseatarete cay Neenah + 10.6 
BA DELL Ys iis voc ile wnvn to aecdteeke ne neds ance eh een aoe +14.2 
LC a ei Ree Mle irene ee, Mais eli Se +12.7 


* Calculated on the assumption of a normal price of potatoes of $1.28 per cwt. 
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CONTROL OF SOIL HETEROGENEITY AND USE 
OP Het RODABLE ERROR CONCEPT IN 
PLANT BREEDING STUDIES 


By H. K. Hayes 


The importance of plant breeding has become more generally recog- 
nized in recent years. This to some extent, probably is a result of a 
growing appreciation of the need of obtaining varieties resistant to 
fungus and insect parasites. The problem of a determination of the 


_ comparative value of numerous new productions has become greatly 


complicated, however, by the increasing number of new varieties which 
must be compared. 

The Mendelian mode of attack in the synthesis of new varieties 
necessitates the study of large numbers of new strains. The realiza- 
tion that most, if not all, important economic characters are the result 
of the interaction of many factors plus environment is, perhaps, the 
main reason from a genetic standpoint why large numbers should 
be used. 

For these reasons the question of better methods for trying out new 
varieties has received considerable study altho at present investigators 
differ as to methods. In breeding self-fertilized crops, such as most 
small grains, a uniformity of procedure for comparative trial of large 


| numbers of new strains has been evolved. The plan developed in the 


i United States for the preliminary trial of numerous strains of small 


grains is known as the rod-row method. Thtre is some variation in 
details such as the use of single- or three-row plots; the rate of seeding 


_ for varieties which differ in grain size; the number of replications ; and 


the method of sowing the grain. Further study will make it possible 


é eventually to standardize these procedures; it is not feasible, however, 
_ to carry on the studies in all localities in the same manner as environ- 
_ mental conditions, the number of strains under comparison, and other 
a factors greatly influence the accuracy and value of the methods. 


The subject uppermost in the minds of many field plot technicians 


' at the present time may be stated in the form of a question,—what is 
" the best means of comparing and eliminating varieties after all possible 
_ care has been taken to conduct the study in a desirable manner with 
| the facilities available? This has led to a critical study of the use of 
_ probable errors in the elimination of new varieties. 


It seems unnecessary in the present paper to review the literature in 


| a this field as this has been discussed in various papers. The different 


1See Journal American ‘Society of Agronomy, Vol. 15, and various reports of the 


Varietal Standardization Committee in the same journal. 


So 1 
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uses of the probable error concept being studied can be grouped under 
three general heads: (1) the calculation of probable errors: for each 
separate strain in the test; (2) the use of “Student’s method” of com- 
paring varieties; and (3) the calculation of a probable error of the 
experiment by the use of check plots or some method whereby the 
results from all varieties can be used for the calculation of a single 
probable error for the experiment. 

A detailed comparison of the three methods would be of interest. 
At present, however, it seems desirable to point out briefly some of the 
difficulties and desirable points in each altho (3), the calculation of a 
single probable error of the experiment will be discussed in some detail. 

With a single variety harvested in one-fortieth acre plots and under 
rather carefully conducted experimental conditions it was learned that 
when the yields of four systematically replicated plots were used for 
each calculation that with a total of 50 comparisons there were two 
probable error calculations which differed from each other to such an 
extent that one was over 900 per cent larger than the other [Kiessel- 
“bach (7), Hayes (5)]. This result, which on purely mathematical 
bases, might be expected somewhat frequently seems a sufficient reason 
to doubt the wisdom of using in the comparison of two varieties prob- 
able error calculations based on as few as 3 or 4 plots. This opinion 
is at some varidnce with a recent one as stated by Love (10) who 
certainly deserves much credit for stimulating a more general interest 
in the subject. Love says, “In answer to the criticism of some that the 
probable error concept cannot be applied to a small number of observa- 
tions, it is well to add that if this is so we should place little dependence 
on a mean or other constant obtained from a few observations” and 
also “yet when necessary it is better to calculate it,” that is, a probable 4} 
error, “from two or three plots rather than not use it at all.” Perhaps 4] 
there is little difference of opinion after all between Love and the writer ~ 
for it is hardly ever necessary to calculate a probable error from few 
comparisons. If the probable error itself is no more accurate than the 7 
mean it is scarcely conceivable that it is of great value as an aid in || 
comparing two means. || 

The method developed by “Student” (15,16) for comparing two | 
series of results was first brought to the attention of American in- 4} 
vestigators by Love (8). Inj its application to varietal trials this © 
method involves pairing like plots and the use of student tables for 
small numbers of replications. In this discussion the term “Students — 
Method” refers to the pairing of results. The same philosophy would 
apply to the standard deviation of successive differences used with the” 
ordinary tables of probabilities. In varietal or strain comparisons 
“Student’s Method” is applicable for those cases where paired compari-— 
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sons are available and while under certain conditions its use greatly 
facilitates the study, it is perhaps not as valuable for the plant breeder 
as for other investigators. It may be desirable to point out some 
limitations in its use for the plant breeder. 

In a comparison of two wheat varieties, one of which is resistant 
to stem rust and the other susceptible, let us suppose that both have 
approximately the same yielding ability when rust is not a factor and 
in addition let us suppose that one is resistant and the other susceptible 
under rust epidemic conditions. In a five-year test we may further sup- 
pose that the yield of the susceptible variety is reduced 50 per cent by 
rust one year when rust was a major factor. All data are hypothetical 
in this problem but there is no reason for believing that such a case 
might not occur. 

The hypothetical comparison is outlined here: 


Year Variety 1 Variety 2 D D’ D2 
I : 40 42 2 6 36 
2 42 40 2 2 4 
3 40 42 —2 6 36 
4 42 40 2 2 4 
S 40 20 * 20 16 256 
5|20 51336 
67.20 
4 = 
Z=—=4.9 x 7 
8.2 $.D.= Vv 67.20=8.2 


The chances are 4.24:1 that the difference is significant (9). A 
_ separate probable error calculated each year would have led without 
| doubt to the conclusion that the varieties were significantly different 
in yielding ability one year out of five. 
To be strictly accurate in field plot trials where there is correlation in 
| the yielding ability of nearby ptots Student’s method should be used 
_ only for paired comparisons. In variety trials conducted for several 
| years the yearly averages represent seasonal pairs but do not adequately 
| take into account soil heterogeneity. Two writers have pointed out in 
| the field of agronomy [Kemp (6), Richey (11)] that the probable 
| error of a difference should consider the correlation between the two 
_ series of comparable variables. If there is a correlation in the yielding “ 
ability of nearby plots this leads to a reduction in the probable error 
_ of a difference and a perfect correlation or 1 reduces the probable error 
_ of a difference to approximately 0. In plant breeding studies, however, 
~ where small plots are used the use of the correlation coefficient is 
_ perhaps not as necessary as in some other kind of field studies. This 
is to some extent due to the fact that over a three-year period two 
| varieties will not be grown in the same relationship to each other. 
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Some plant breeders, likewise, change the order of the series thus 
partially overcoming the error which arises from neglecting the cor- 
relation coefficient in computing the probable error of a difference. 

The computation of a single probable error in percentage, repre- 
senting the error which arises from soil heterogeneity and other un- 
controllable errors, is a convenient method for the plant breeder. The 
present paper is largely a consideration of the method of computing 
probable errors by what is called the “Deviation from the Mean 
Method” used for several years by the writer. It is similar in nature 
to the pairing method outlined by Wood and Stratton (17) in that it 
allows all plots of all varieties in the test to be used in computing the 
probable error of the experiment, i.e., the probable error which repre- 
sents soil heterogeneity and other errors of a non-systematic nature. 

After presenting the method of calculation and the use of the 
probable error obtained, results will be given which indicate the extent 
of error in rod-row trials resulting from the failure to use the cor- 
relation coefficient in obtaining the probable error of a difference. 


THE DEVIATION FROM THE MEAN METHOD OF 
CALCULATING A PROBABLE ERROR 


A plant breeder, in the majority of cases, centers his attention 
chiefly upon a few characters at a time and discards rather freely. 
For this reason the strains which are under trial are perhaps not widely 
different in general adaptability. For several years in the Minnesota 
plant breeding studies a comparison of probable errors as calculated by 
different methods has been made. 

Check plots of standard varieties—Marquis wheat, Manchuria j 1 
(Minn. No. 184) barley, and Victory oats—have been planted every |} 
fifth to tenth plot throughout the rod-row trials and probable errors — 
calculated from these plots? have been used as standards for compari- 
son of other methods of obtaining probable errors. In a previous 
paper [Hayes, (5)] probable errors obtained by the deviation from the 
mean method and Wood and Stratton’s pairing method were compared — 
with the probable errors as obtained from the use of check plots. “It 
was found that the deviation from the mean method gave results which |) 
were closer to those obtained from check plots than were the probable a 
errors calculated from the pairing method. Garber-and others (2), at — 
West Virginia, have compared probable errors computed from check “| 
plots with those obtained from the deviation from the mean method for — 
a three-year period for buckwheat and for two years for oats and |} 
wheat. Agreements were good except for buckwheat, in 1921, when’ | 
the deviation from the mean method gave a probable error twice as 


2The formula used was P.E.= PTS) 
Viiven 
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great as by the use of check plots. The only other wide variation was 
in 1923 for wheat studies, the percentage probable error by the check 
plot method being 12.9 and by the deviation from the mean method, 
18.9. 

The computation method where the yields obtained from different 
varieties are used to calculate a single probable error in percentage may 
be given as follows: 


COMPUTING OF PROBABLE ERRORS BY THE DEVIATION FROM 
THE MEAN METHOD 

1. Express in per cent the deviation of each plot of each variety 
from its variety mean. 

2. Square these percentage deviations and sum by adding all 
squared deviations. 

3. Divide the sum of the squared deviations by the total number 
of deviations and extract the square root. abe 

4. After extracting the square root multiply the value obtained by 
+.6745. The value obtained is the probable error of a single 
plot test in percentage. 

5. To compute the probable error of any number of system- 
atically distributed plots, (n) divide tte P.E. of a single plot 
by the Vn. 

6. Multiply the yield by the percentage probable error to obtain a 
probable error in bushels. 

The method of computation may be illustrated altho much larger 
numbers are desirable than are used in the illustration. One of the 
advantages of the plan is that so many deviations are obtained that an 
accurate estimate of the extent of variability is reached. The plan is 
illustrated for two varieties each grown in four systematically dis- 
tributed plots. Commonly, at least 100 deviations are available in 
plant breeding studies. : 


ILLustRATION oF MetrHop 


Yield each Dey. in Dev. in Dev. in per cent 
Variety plot in bu. Mean bu. per cent squared 
Marquis x Iumillo Baa 4.6 11.50 132.25 
TI-15-44 48.0 40.0 8.0 20.00 400.00 
37-3 J 2.7 6.75 45.56 
39.2 0.8 2.00 4.00 
- Marquis x Kanred Beis 25 7.07 49.98 
II-15-58 44.4 38.2 6.2 16.23 263.41 
37.4 0.8 2.09 4.37 
35-3 2.9 7-59 57.61 
aaa oa 
/958.18 
: =10.9=S.D. single plot in per cent. 
vy 8 
10.9 


=5.45-=P.E. in per cent for 4 systematically distributed plots by the deviation 


Via \ from the mean of the variety method. 
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It is apparent in the illustration given that Plot 2 in each variety 
was in a favorable position and that there is some correlation in yield- 
ing ability of neighboring plots. 

The criterion of the accuracy of the method is a comparison with 
probable errors obtained from the yields of check plots of a standard 
variety where the probable error=+.6745/2(d?). 

—— 
V n 

Results obtained from a six-year comparison of the two methods 

are presented in Table I. 


TABLE I 


PROBABLE ERRORS OF A SINGLE Piotr Test aS OBTAINED FROM:CHECK PLOTS OF A STANDARD 
VARIETY AND FROM A COMBINATION OF OTHER VARIETIES IN THE TRIAL™ 


Check plot method Deviation of mean method 
(Single standard variety) (All varieties) 
Crop Year — 
Av. No. Av. No. devia- 
yield plots 2 yield tions P.E. 
Bu. Per cent Bu. Per cent 
S. wheat 1919 20.3 42 r18 20.0 108 15.2 
1920 25.8 60 10,1 25.0 252 9.6 
1921 18.6 44 10.2 17.8 140 10.2 
1922 35.4 52 2 33.8 292 8.6 
1923 30.9 26 5.2 32.2 360 a 
1924 26.9 64 9.0 25.7 328 9.9 
Average : 26.3 9.3 25.8 9.9 
Oats T1919 56.4 48 7.6 62.3 132 6.1 
1920 89.7 42 9.2 Wat 788 Pepe iy.| 
192 50.7 5 43 es 518 388 7.9 
1922 115.6 55 457 100.6 160 5.1 
1923 61.6 55 7.0 61.0 579 6.1 
1924 59.0 _ 60 10.4 sae 292 or 
Average 70.7 7.7 68.5 6.9 
Barley 1919 41.9 52 9.5 20.7 80 : 9.2 
1920 49.1 . 32 10.0 41.5 188 > (8Q.2 
1921 30.9 62 “10.0 283" 2321 9.6 
y 1922 60.7 48 11.6 60.4 i 520 10.1 
1923 56.1 34 7.1 54-1 324 75 
1924 42.5 24 7.9 40.8 76 8.6 
Average 46.9 O.4 42.4 9.2 
W. wheat 1924 45.2 24 Bie 45.6 88 iste 


* Miss Alma Schweppe, Fred Griffee, and H. E. Brewbaker assisted in the computations. 


The two methods of computation gave very similar results. The — 
average for the six-year period where the probable errors for the check 
plot method are given first and for the deviation of the mean method 
next are as follows: for wheat 9.3%, and 9.9; for oats 7.7 and 6.9; 


and for barley 9.4 and 9.2. The only differences of any magnitude 7 


were in 1919 in which case the probable errors by the two methods are 
11.8 and 15.2, respectively, for wheat ; and in 1924, 10.4 and 6.7, respec- 
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tively, for oats. Only a single year’s comparison is given for winter 
wheat as in other years winterkilling, occurring in spots in the nursery, 
prevented obtaining probable errors of any significance. Probable 
errors in percentage obtained by the two methods in the season in 
which winterkilling was not a factor are 5.3 and 5.1, respectively. 


THE USE OF A PROBABLE ERROR IN ELIMINATING 
VARIETIES 


As pointed out in an earlier paper (5) there is good agreement in 


_ general between mathematical expectation and actual reduction in the 


size of the probable error which is obtained by replication. To de- 
termine the probable error for several replicated plots the probable 
error in percentage calculated for a single plot is divided by \/ n where 
n=the number of systematically distributed plots. This formula as- 
sumes a lack of correlation of yields of plots used in the computations. 
Probably such an assumption has no serious error in these studies 
altho there is, as will be shown later, correlation between the yielding 
ability of plots which are at some distance from each other. To deter- 
mine the probable error for a series of years percentages are used and 
I 
an average probable error is obtained by the formula eS Va?+b? ..... n? 
N 
where N=number of means averaged and a, b, n=separate probable 
errors in percentage for the respective years.® 

The use which is made of such a probable error for the rod-row 
_ trials for any particular season may be illustrated by the probable 
error application the first year in which a large number of new rust- 
resistant hybrid oat lines were grown in the trials. 

Two varieties of mid-season oats, Minota (Minn. No. 512) and 
Victory (Minn. Accession No. 514), have consistently proved the 
most desirable for central Minnesota. Both are good yielders, stand up 
better than the average, and, in general, are otherwise desirable except 
that they are highly susceptible to black stem rust, Puccinia graminis 
avenae. Erikss. and Henn. White Russian, which has received the 
| variety name White Tartar (Etheridge, 1) is highly stem rust resistant 
| in Minnesota but is late in maturity and on the average yields less than 
_ either Victory or Minota. From crosses between White Russian with 
| either Victory or Minota, homozygous resistant lines were selected 
i’ _ which were apparently homozygous in other characters. Approxi- 
_ mately 1000 lines were grown in F, and a considerable number were 


_ %See Mellor, J. W.. ‘‘Higher mathematics for the students of chemistry or physics,’ 


hy pp. 498-566. Longmans, Green and Co.: New York and London. ror16. 
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discarded on the basis of undesirable appearance. The better homo- 
zygous lines were placed in rod-row trials in the sixth generation after 
the cross. 

At University Farm, St. Paul, each variety in the rod-row trial is, 
as a rule, grown in four systematically distributed plots of three rows 
each. A foot is cut off from the end of each row and the center row 
only of each three-row plot is used for the yield test. 

In 1923, there were 176 lines in rod-row trials which were obtained 
from either White Russian x Minota or White Russian x Victory 
crosses. The highest yielding line produced 73.4 bushels, while the 
lowest produced 48.1 bushels. Some varieties could be discarded on 
the basis of undesirable plant or grain characters but the greater part 
could be discarded only on a yield basis. 

The calculated probable error for three systematically distributed 


6.1 
plots was —-—=3.5 per cent (see Table 1). Only three plots were used 


V3 
in 1923 because of the large number of new strains in the test. 
On the basis of their probable errors any two varieties could be 
compared. The yields of Minota and of a hybrid which yielded some- 
what less might be compared in the following manner : 


The yield of Minota was 60.7+2.1. Multiplying 2.1 by 3xV2 
gives 8.8. By subtracting 8.8 from the yield of Minota a yield of 52.9 
results. The chances are 22:1 that any variety yielding less than 52.9 
is a lower yielder than Minota, there being only six such varieties. 
Adding 8.8 to 60.7 gives 69.5 bushels and there were only eight varieties 
which yielded more than this figure. The probable error in yield for 
these studies for a three-plot trial was 3.5 per cent which is much lower 
than is usually reported for such studies, However, out of 176 varieties 
the chances are 22:1 that eight were better yielders than Minota and that 
seven were inferior. On this basis it appears very apparent that very 
few, if any, varieties for this year could be discarded legitimately on 
a probable error basis. This is exactly what further studies with this 7 
material have shown. While varieties have been discarded from time |] 
to time this was done largely on the basis of plant and grain characters 
and not on a probable error basis, for very few varieties were con- — 
sistently better or inferior to Minota and Victory in yielding ability. — 
The question arises, did the probable error prove valuable in this study? ~ 
Stem rust was not a factor at University Farm and the conclusion 
appears legitimate that many varieties have as high yielding ability as F 
Minota or Victory and are known from other trials to be highly rust — 
resistant. Somewhat greater confidence can be placed in the results — 
than if the extent of error from soil heterogeneity was not known. 


\ 
: 
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While in some cases a few varieties can be discarded on a probable 
‘error basis for a single year, without danger of eliminating the more de- 
sirable ones, most new strains must be tested for several years before 
discarding on a yield basis alone. Often new strains can be eliminated 


on the basis that they are much inferior in some important character 


such as strength of straw or susceptibility to disease. After two or 
more years some strains can, as a rule, be discarded because of low 
yielding ability, however, after a three year’s trial a somewhat better 
basis of comparison is available. 

Since 1920 the chief studies in barley breeding at University Farm, 
St. Paul, have had as their main purpose the obtaining of a smooth- 
awned variety of high-yielding ability which also excelled in other 
characters. Seventeen smooth-awned strains grown in comparison 
with Manchuria (Minn. No. 184) for from 2 to 5 years remain in the 
trials and many others have been discarded. The three varieties that 
have been tested for 5 years yield as much as Manchuria 184 and one 
variety, named Velvet, somewhat exceeds Manchuria. 

Probable errors for four systematically distributed plots for differ- 
ent years have been computed by the deviation from the mean method. 


Year P.E. in per cent 
1920 . 5.1 
1921 4.8 
1922 5.1 
1923 3.8 
1924 4.3 
1920-24 2.1 
1921-24 Dee 
1922-24 2.6 
1023-24 2.9 


To determine the probable error for Velvet, which yielded an aver- 
age for the 5 years of 52.6 bushels, multiply by the average probable 
error or 2.1 per cent. This gives a probable error of 1.1 bushels. 
Comparing Velvet and Manchuria on a 5-year basis the results are 


as follows: 
Varieties compared A Average yield Diff./P.E. 
Velvet, Minn. 447 52.6-£1.1 
Manchuria, Minn. 184 47.9£1.0 
Difference Hen yeti 3.1 


The chances are about 26:1 that Velvet is superior to Manchuria, 


| Minn. 184. 
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The same varieties may be compared by Student’s method: 


D” 


Manchuria Velvet D D’ 

42.5 35 —5.0 Lin 136.89 
56.1 61.8 +5.7 1.0 1.00 
61.2 73.2 12.0 Fe 5.3 28.09 
30.6 32.4 1.8 4.9 24.01 
49.0 58.2 9.2 2 6.25 
5133-7 5|196.24 
6.7 39-25 

6.7 SAY ae aie 

peer Ae S:Di= 30-25 =6.5 
6.3 


On this basis the chances are es that Velvet is a better yielder 
than Manchuria. However these varieties were not grown in paired 
plots and the only kind of paired comparisons that are available are 
seasonal. To the writer it appears that a probable error which mea- 
sures soil heterogeneity is more desirable than Student’s comparison 
for results of this nature. 

Six smooth-awned strains have been compared with Manchuria for 
5 years (1921-24, inclusive). All yield as well as Manchuria. The 
higher yielder is compared here with Manchuria. 


f Av. yields _ 
Variety 1921-24 Diff./P.E. 
Smooth Awn x Manchuria, II-21-14 54.441.4 , 
Manchuria, Minn. No. 184 47.641.2 
Difference 6.8+1.8 3.8 


The chances are 95:1 that II-21-14 is a better yielder than 
Manchuria. , 
These two varieties may be compared by Student’s method. 


Manchrria 


Smooth-Awn x Manch. 


Year Minn. 184 II-21-14 : D D’ 

1921 42.5 47.1 4.6 2.2 4.84 
1922 56.1 55-9 Sie 7.0 49.00 
1923 61.2 64.5 3.3 3.5 12.25 
1924 30.6 49.9 19.3 rs 156.25 
4|27.0 4|222.34 
6.8 55-59 

6.8 

Z=—=0.9 > S.D.=7.5 \ 
7-5 


The chances are 8.22:1 that the hybrid is the better yielder. 


Ita 


on the other hand, the hybrid had yielded in 1924, 33.8 bushels instead — 
of 49.9 the chances would have been 32.2:1 that the hybrid was the 
better yielder. Results of this nature have been emphasized strongly 
by Salmon (13) and it seems evident to the writer that when a probable — 
error for the experiment can be computed that a more logical compari- 
son can be made between varieties growing in rod-row trials than 
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the use of Student’s comparison. Both comparisons given here are 
taken at random without attempting to find cases where one method 
indicated the probability of a difference and the other failed to indicate 
such a probability. 

In using a probable error computed by the deviation from the mean 
method it should be emphasized that such computations are no: war- 
ranted when dealing with varieties widely different in adaptability, for 
in such cases it is evident from experimental data [Salmon (12), 
Stadler (14)] that one variety may be signfiicantly more variable than 
the other. 

In both comparisons of the deviation from the mean and Student’s 
methods the chances were somewhat greater by the deviation from the 
mean comparison that the varieties were significantly different than 
when made on the basis of Student’s method. On the basis of a strict 


__ mathematical requirement the probable error would be decreased from 


that given by the deviation from the mean method for in the compari- 
sons the correlation coefficient was not used in the determination of 
the probable error of a difference. The extent of error on this basis 
may well be pointed out. 


THE CORRELATION IN YIELDING ABILITY OF NEARBY 
PLOTS IN ROD-ROW TRIALS 


Harris (3, 4) has emphasized the fact that soil heterogeneity is 
often very large even on fields appearing highly uniform and has sug- 
gested a method of determining the degree of soil heterogeneity by the 
correlation in yielding ability of contiguously grouped plots. The 
method is of interest as a means of emphasizing the importance of the 
factor of soil heterogeneity but as the field must be cropped to a single 
variety it prevents its use for experimental purposes during the years 
in which the extent of soil heterogeneity is to be determined. The 
method furnishes the experimenter with a convenient tool to measure 
the relative heterogeneity of two fields, thus enabling the selection of 
the more uniform soil for plot trials. 

It is desirable in some cases to measure heterogeneity and still carry 
on plot or varietal trials at the same time. The following study indi- 
cates one way in which this can be done. 

As has been previously mentioned four systematically distributed 
plots are used, as a rule, for the rod-row trials conducted at University 
Farm. These are commonly grown in the same order in each repli- 
cated series. There was considerable evidence in 1924, by an examina- 
tion of the relative vigor of plant growth, that some sections of the 
field on which the wheat and oat rod-row trials were being conducted 
were inferior to others. The yield of each plot of each variety was 
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placed on a percentage basis, the average yield of each four plots being 
taken as 100. Correlation coefficients were then computed to express 
the degree of relationship for yielding ability of adjacent plots and for 
plots separated, respectively, by 1, 2, 3, 4, and 10 intervening plots. 

The rows were sown lengthwise of the field and each series of rows 
was separated from the next series by a three-foot alley. By cutting 
off one foot from the end of each row, the border effect was minimized, 
as has been explained, and the central row of each three-row plot was 
harvested. The yielding ability of each plot was expressed in per- 
centage and only plots lying in the same series were used for the cor- 
relations. In the various computations the 16-foot row plots were 


separated from each other by 3, 6, 9, 12, 15, and 30 feet, respectively. 


The correlation coefficients as computed are presented in Table II 
together with regression equations. 

The respective coefficients for the extent of soil heterogeneity in 
adjacent plots in spring wheat, oats, and winter wheat were .618-+.023. 
572.025, and .552+.068, respectively. In spring wheat the extent 
of heterogeneity for plots separated by 6, 9, 12, 15, or 30 feet was 
practically the same or slightly more than .4. 


TABLE II 


CORRELATION OF PERCENTAGE YIELDING ApBiLity IN Nearsy Prots or Oats, WINTER WHEAT 
- AND SPRING WHEAT, 1924 


Standard 

Means deviations 
Crop Correlation of | Correlation -- — . Regression 
coefficient x we x Y equation 


Oat rod rows Adjacent plots «572.025 100.14 99.79 10.18 10.04 Y=43.30+.5641X 
Separated by 1 -490+.029 100.07 99.37 10.00 9.81 Y=51,27-+.4807X 
Separated by 2 -407 +.034 100.25 99.38 9.94 9.72 Y=59.48+.3980X 
Separated by 3 -412+.035 100.5I 99.46 10,09 9.55 Y=60.26-+.3900X 
Separated by 4 -264+.041 100.43 99.30 10.36 9.61 Y=74.70+.2449X 
Separated by 10 .275+.057 10.65 8.18 


Winter wheat Adjacent plots -552-+.068 
rod rows Separated by 1 +293 4.093 
Separated by 4 —.114+.118 


Spring wheat Adjacent plots 618+ .023 99-74 99.74 13.90 13.905 Y=37.85+.6205X 
rod rows Separated by 1 -518+.028 99.76 99.77 14.02 14.05 Y=47.99+.5191X 
Separated by 2 +454 +.030 99-74 99.90 14.16 14.18 Y¥=54.56-+-.4546X% 

Separated by 3 .383 +.034 99-75 99.93 14.32 14.48 Y=61.30+.3873x 

Separated by 4 +449 + .034 99.84 100.00 14.40 13.95 Y=56.72+.4350X 


Separated by 10 .429 


Nore.—All computations were checked. H. E. Brewbaker, W. C. Broadfoot, C. H. 
Goulden, K. S. Quisenberry, S. C. Salmon, George Stewart, D. W. Robertson, and Miss Alma 
Schweppe assisted in the computations. 


With oats, plots separated by 4 or Io intervening plots had a soil 
heterogeneity relationship which was expressed by a coefficient of ap- 
proximately .27 while the relationship between plots separated by 1, 2, 
or 3 intervening plots was not greatly different than in the spring wheat 
trials. For winter wheat, adjacent plots showed rather high hetero- 


a 
| 
| 
| 
| 
| 
Fi 
4 


a el a 
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geneity while plots separated by several feet did not exhibit any soil 


_ heterogeneity relationship. By duplicate planting of experimental rod- 


row, varietal, or strain trials on two separate fields it would be possible 
to compare soil heterogeneity and determine the most desirable field and 
in the same season to conduct a yield comparison. 

Richey (11) has given the reduction in variability which may be 
expected from using the regression equation to correct yields on the 
basis of adjusting to a moving average. He states that correlations of 
less than .6 will reduce variability so little that adjustment may hardly 
be worth while altho in some cases it is emphasized that adjustment 
may materially change the relative standing of a variety, all four plots 
of which may happen to be placed on relatively poor or good soil. 

Table III is taken from Richey’s publication. 


TABLE III 
Expectep REDUCTION IN VARIABILITY FOR VarIoUS CORRELATION COEFFICIENTS (RICHEY) 
Reduction in Reduction in 
‘oer variability = io) variability= 
rooxI—V1—r? 100xI—V1I—r? 
Per cent Per cent 
0.4 08.4 0.8 40.0 
0.5 13.4 0.866 50.0 
0.6 20.0 0.9 56.4 
0.707 20.3 1.0 100.0 


In the spring wheat and oats studies check plots of standard varieties 
were distributed through the test every 6 plots. The yields of each plot 
of nearby varieties were adjusted by means of the regression values. 
The method used is illustrated for several plots in the wheat series. 


Plot No. Actual yield Percentage yield 
Check a 25.1 03 
8 27.5 
9 20.3 
10 28.3 
II 24.2 
12 25:7. 
Check b iz 32.2 120 


The yielding ability of each check plot was expressed in percentage 
by dividing its actual yield by the average of all check plots. By this 
method the yielding ability of Check a was 93 and of b, 120. 

If y=nearby plot and x= the check, then the corrected percentage 
yielding values for Plot 8 would be 


Tay =n Obte O2O5i —— 05.50 
2. ¥ = 50.72 + .4350 x = 108.92 
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A value of 102 was obtained by adding 1 and 2 and averaging. The 
corrected yield for Plot 8 in bushels would then be obtained by dividing 
the actual yield, 27.5 bushels, by 102. In this way the yield of each 
plot of each variety was adjusted by the yield of the two nearest check 
plots on the basis of the average relationship as expressed by the calcu- 
lated regression equations. 

After obtaining a corrected yield for each plot of all varieties, — 
except the check plots, a probable error in percentage was calculated by 
the deviation from the mean method. These probable errors were 
then compared: with probable errors obtained before adjustment. The 
results are presented in Table IV. 

TABLE IV 
PROBABLE ERROR FOR A SINGLE Pitot TEsT BEFORE ADJUSTMENT OF YIELDS AND AFTER COoRRECT- 


ING YIELDS ON THE BAsiIs OF THE REGRESSION VALUES AND IN RELATION 
To THE Two Nearest Cuecx Puiots 


Probable error in percentage 


Crop 

Actual yield After correction 
PEM WEA. "a lelit'c ansnce (aiaess ebaleraueta gneve pee 9.9 8.0 
DEES Ocean wits aie nl iaiells Ge areata Mee mete noe ae uae NG 6.7 5.8 


The actual percentage probable errors are reduced by adjustment 
to a moving average by approximately 19 and 13 per cent, respectively, 
which is slightly more than expected on the basis of the standard error 
of estimate for correlation coefficient of the values obtained. It seems 
very doubtful whether the reduction in probable error is worth the 
trouble of making the calculations. 

The actual and corrected yields and the relative standing of varietiés 
before and after correction are given in Tables V and VI. 


TABLE V 
COMPARISON OF YIELDS AND RELATIVE STANDING OF STRAINS BEFORE AND AFTER CORRECTION ON 
tHE Basis or THE RELATION EXPRESSED BY THE REGRESSION’ EQUATION 
Spring WueEat Rop Rows, 1924 3 


Yield range Yield range Difference Range after Range > 

Variety after correction before correction + or — correction ~ actual 
IJ-18-20 B2y7 32.7 peo 0. I I 
B2-5 30.7 31.5 —o0.8 2 2 
TI-18-44 30.6 31.2 —0.6 sr 3 
TI-17-40 30.0 30.9 —0.9 4 4 
II-15-41 29.9 29.7 +0.2 5 10 
IJ-18-21 29.8 29.5 i +0.3 6 720 
TI-17-45 29.7 30.5 —o.8 7 5 
B8-11 29.6 29.9 =0.3 tae) | 7 
TI-18-8 29.6 30.3 —0.7 9 6 
II-15-13 29.5 29.6 —Oo.1 10 Il 
Ruby 29.3 29.8 —0.5 It,?- 9 
II-18-33 29.2 28.6 +0.6 12 18 
II-15-24 29.0 29.0 0.0 13 415 
TI-18-15 28.8 29.8 —1.0 14 : 8 
II-17-37 28.7 20.4 —0.7 15 13 


N:-D. 149.124 28.7 28.6 +o.1 16 21 
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TABLE V—Continued 

ase .. Yield range Yield range Difference Range after Range 

_ Variety ; after correction before correction + or — correction actual 
II-1£7-23 28.4 28.7 =0:3 17, 17 
II-17-36 28.2 29.0 —o.8 18 14 
_  I[I-15-16 28.1 281 0.0 19 23 
— II-17-43 28.0 . 28.6 —o.6 20 19 
AL-15-57 28.0 28.6 —0.6 21 20 
{ II-17-22 27.9 28.4 Ong 22 22 
; T-1s385 27.9 28.7 —0.8 23 16 
ie II-17-4 27.7 27.0 +0.7 24 27 
| . II-18-17 27.6 27.8 —0.2 25 24 
| Bo Ti-r7-3.~ 9. 27.2 26.4 +0.8 26 30 
i N.D. 149.43 27.2 27.0 +o.2 27 - 26 
i II-19-11 - -_ 26.6 27.5 —0.9 28 25 
_ IL-18-28 26.5 25.7 +0.8 29 40 
im 11-15-39 z 26.4 =" - 26,5 +0.3 30 35 
{i ND. 149.178 26.4 26.2 +0.2 31 33 
ji - II-18-19 26.2 26.3 —0.1 32 31 
~ IE-17-33 26.2 27.0 —o.8 33 28 
| Kitchener 26.2 26.2 0.0 34 34 
# Il-19-2 26.1 26.6 —0.5 35 “29 
|‘ Red Bobs: 26.0 26.1 —o.1 36 36 
fj 1-18-27 25.9 , 256 +0.3 37 41 
f Dm [ipr-2 25.8 26.2 —0.4 38 32 
iy TI-19-9 25.7 25.4 +0.3 39 44 
f= 1i-18-36 25.4 25.9 —0.5 40 37 
| II-17-28 ey ea 215.9 —0.5 41 38 
Me. LL-17-25 Z5eE 23.4 —0.3 42 45 
I 5 TL-17-35 25.1 25.6 —0.5 43 42 
} - Ts17-14 24.9 24.0 -+0.9 44 54 
‘3 2 Aiet 8573) 24.9 ; 25.5 —0.6 45 43 
) Kota Bulk 24.7 24.2 0.5 46 49 
i} 1-19-19 24.7 25.3 —0.6 47 46 
) ~—-« II-19-23 24.6 24.1 +o0.5 48 52 
i  JI-18-16 24.6 25.8 —1.2 49 39 
I - II-17-13 24.5 23.6 +0.9 50 59 
II-18-34 24.4 24.0 +0.4 5 53 
IIL : 24.3 23.9 0.4 52 55 
24.3 24.6 013 53 48 
24.3 24.7 —0.4 54 47 
L 24.0 23.7 +0.3 55 56 
D. 149.48 i 24.0 23.7 +0.3 56 57 
23.8 Bata 1007) 57 60 
Ae Md 23.0 +0.7 58 61 
23.6 24.2 —0.6 59 50 
23.4 24.2 —o.8 60 51 
23.4 22,6 +0.8 61 é 63 
SERS a 23.6 Pi =a. 62 58 


23.2 22.5 +0.7 63 64 
23.0 22.4 +0.6 64 65 
22.9 22.9 0.0 65 62 
22.0 21.4 +0.6 66 68) ok. 
21.8 Bhat +0.7 67 69 
21.6 21.4 +o0.2 68 67 
21.5 22.3 —o.8 ’ 69 66 
20.9) 27>) 2067 +0.2 70 70 
20.9 + 20.6 +0.3 71 71 
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TABLE VI 


‘COMPARISON OF YIELDS AND RELATIVE STANDING OF STRAINS BEFORE AND AFTER CORRECTION ON 
THE Basis oF THE RELATION ExprRESSED BY THE REGRESSION EQuaATION 
Oat Rov Rows, 1924 


= = 


Yield range Yield range Difference Range after Range 
Variety after correction before correction + or — correction actual 
II-18-149 72.0 Ree 153 I 
TI-18-114 67.4 68.4 = 10 2 
II-18-224 66.6 67.7 1.1 3 
Il-19-7 66.3 68.1 —1.8 4 
II-18-150 66.0 68.9 ; —2.9 5 
II-18-222 65.7 66.2 —0.5 6 
II-18-238 65.0 66.5 --1.5 7 
II-19-4 6449) 66.5 "1.6 8 
TI-18-157 64.8 66.9 —2.1 9 
J-06-12 64.5 65.9 —1.4 10 
I[-18-171 64.2 65.5 1.3 II 
II-19-5 63.4 66.6 —3.2 12 
II-18-227 63.4 65.1 2.7 13 
II-18-221 63.4 62.6 +o.8 14 
II-18-153 62.2 64.4 —2.2 15 
II-18-100 62.0 63.0 —1.0 16 
II-18-108 62.0 62.9 --0.9 17 
II-19-2 61.8 63.2 —1.4 18 
II-19-8 61.8 63.7 =t.9 19 
II-19-6 61.8 63-3 —1.5 20 
II-18-225 60.8 62.2 —1.4 21 
II-18-169 60.5 61.5 —1.0 22 
II-18-152 60.5 63.0 —2.5 2 
Il-19-9 60.3 61.8 —1.5 24 
II-18-163 60.3 60.9 —o0.6 25 
TI-18-151 60.3 62.9 —2.6 26 
II-18-147 60.1 60.7 —0.6 27 
II-18-185 59.8 55-2 +4.6 28 
II-18-148 59.3 61.0 —0.7 2 
II-18-23 59.2 58.0 +1.2 30 
TI-18-178 58.9 59.7 —o.8 31 
II-18-228 58.9 59.6 =017 32 
TI-18-226 58.5 60.1 —1.6 33 
II-18-8 58.5 56.8 +1.7 34 
TI-18-161 58.1 58.9 —0.8 35 a 
11-18-20 58.1 56.4 +1.7 36 
TI-18-194 57.8 54.6 : +3.2 . 37 
II-18-18 57.6 55-9 +1.7 Be Bis 
II-19-10 57-1 58.6 SAls5 ‘ 39 
IJ-18-15 57-0 54-9 +2.1 40 
II-18-155 56.9 59.1 —2.2 41 
TJ-18-187 56.7 Les ,) 4.3 42 
II-18-180 56.7 56.5 +0.2 43 
II-18-193 56.5 53-3 +3.2 44 
11-18-37 56.5 55-4 1.1 45 
II-18-181 56.3 Bee +0.6 46 
TI-18-145 56.3 57-2 ‘ —0.9 47 
II-18-179 56.1 56.0 +o.1 48 
II-18-12 55.9 53.9 +2.0 49 
II-18-146 55.8 56.4 —0.6 50 
II-18-14 55.6 53.6 +2.0 “51 
II-18-158 55-4 56.9 —1.5 52 
II-18-19 55-4 53-6 +1.8 Sain 
II-18-188 55-3 he} +4.0 54 
II-18-189 55.3 ite +3.6 55 
II-18-184 54.9 51.3 +3.6 56 ’ 


II-18-200 ~ 54.8 _ 52.8 +2.0 57 
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TABLE VI—Continued 


Fa] Yield range Yield range Difference Range after Range 
I Variety after correction before correction + or — correction actual 
Wi TI-18-183 54.8 Ip iree +3.3 58 60 
/ I-18-195 54.7 52.3 +2.4 59 57 

[ I1-18-186 54.6 50.8 +3.8 60 64 
i II-18-196 Bae 52.6 +1.8 61 55 

} 11-18-13 53-9 52.0 +1.9 62 58 

P, II-18-190 53-8 505 +3.3 63 65 
| \ II-18-201 53-1 52:6 +0.5 64 54 
Ht II-18-6 52.8 51.1 +1.7 65 63 

P II-18-197 52.4 50.4 + 2.0 66 66 
| _ I1-18-199 51.9 49.9 +2.0 67 68 
4 II-18-198 51.8 49.9 +1.9 68 67 
en II-18-3 49.6 48.6 +1.0 69 70 

ee 10-18-74. 49.2 48.8 +0.4 70 69 
if JI-18-60 44.5 43-7 +0.8 71 pi 


Relative standing of the varieties is changed very little by correc- 
ia tion of yields. In the spring wheat the four highest yielders remain in 
_ the same relative order after correction as before. Varieties which 
after correction stood 5 and 6 were tenth and twelfth, respectively, on 
the basis of actual yield. The greatest change in yielding value was 
only 1.2 bushels, whereas the probable error for a four-plot trial is 
5.0 per cent and for a yield of 25 bushels the probable error in bushels 
is 1.25. The greatest change in yielding value for spring wheat was 
about the same as the probable error. 

With oats there were several cases where changes in yielding value 
were relatively somewhat larger than with wheat. The greatest change 
as a result of correction was 4.6 bushels. This is slightly more than 
two times the calculated probable error. j 

In no case is the relative change in yielding ability of particular 
significance and the correction of yields in such studies, which must 
be continued for three years at least, and where the better strains will 
be compared for a six-year period in several localities, appears to be of 
little value. Correction of yields on the basis of regression values and 
in relation to a moving average will certainly, where soil heterogeneity 
is a factor, reduce to some extent the size of the probable error. 


SUMMARY 


Tes io ae 


— 


Te SePIGAlS 


1. A probable error for the experiment measures on the average 
the extent of error of a non-systematic nature. It measures chiefly 
errors which arise from soil heterogeneity or other uncontrolled errors 
of like nature. The method of calculation rests on the assumption that 
all varieties are equally variable. This is not true for widely different 
varieties, however, in plant breeding experiments most varieties are 
rather similar in general adaptability. This is perhaps particularly true 
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when the Mendelian mode of attack for the synthesis of new varieties 
is used. 

2. In plant breeding studies such as rod-row trials in which several 
systematically distributed plots are used and where all varieties or 
strains are similar in general adaptability the combined probable error 
as obtained from all varieties, by some such method as the “deviation 
from the mean,” was found to be very similar to that obtained from 
check plots. 

3. By expressing probable errors for different seasons in per- 
centage an average for several seasons can be computed. Varieties 
can) be compared for various yearly tests and for combined tests. 
Better yielding varieties can then be determined and the probabilities 
that they are significantly better than others can be measured accurately. 
Such methods, if correctly understood, should lead to more accurate 
and scientific comparisons. 

4. The use of Student’s method for varietal trials conducted for 
several years is not entirely satisfactory as there is no sure control or 
measure of soil heterogeneity unless the comparisons are made on the 
basis of adjacent plots. Student’s method is valuable for trials where 
it may be expected that if there is a difference in yielding ability the 
difference will be consistent from year to year. Such consistence is 
not commonly obtained in varietal tests. Differences which are a result 
of varietal resistance or susceptibility and which are only apparent under 
disease infection conditions may be present only once in every three 
or four seasons. Student’s method used for seasonal averages tends to 
cover up important differences. 

5. By the deviation from the mean methad calculated on the basis 
of numerous strains the odds that two varieties were different in yield- 
ing ability for a four- and five-year trial, respectively, were much 
greater than where Student’s method was used and seasonal averages 
were compared. 5 


6. Adjustment of yields by the regression equation on the basis — 


of a moving average leads to a reduction, in the probable error of the 
experiment providing soil heterogeneity is a factor. If the extent of 
soil heterogeneity as measured by the correlation coefficient is .6 or 
lower and if the probable error of a single determination is 10 per cent 
or less, adjustment of yields will, as a rule, not markedly change the 
relative standing of varieties. Such changes as occur will be of little 
importance on the average. 

7. An estimate of the extent of soil heterogeneity may be accom- 


a 


plished by placing the yields of each separate set of replications of indi- “Wy 


te 


vidual strains on a percentage basis with 100 as an average. By the © 


correlation of yielding ability of plots which are separated by any ~ 
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particular number of intervening plots the extent of soil heterogeneity 
may be measured.. By placing a similar series of varieties on each of 
two fields the one with the least soil heterogeneity can be selected for 


Leal 


2. 


ise 


14. 


TE: 
16. 


17. 


- permanent nursery experiments. 
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molUDYOF A DISEASE OF THE BONES AND JOINTS OF 
SWINE, AN OSTEO-ARTHROPATHY 


By H. C. H. Kernxamp 


INTRODUCTION 


A disease of swine characterized by certain paretic-like symptoms 
has attracted much attention in recent years. A disease of this nature, 
aside from “sow paralysis,” was either infrequently observed or little 
discussed a few years ago. Such cases of paralysis were looked upon 
as “rheumatic conditions” in many instances. In others the paretic- 
like symptoms were regarded as the manisfestation of some kidney 
disturbance or the sequela of an injury. Rickets and “posterior 
paralysis” are terms often applied to a condition showing symptoms 
as described. 

The material presented in this study includes the results of experi- 
_ mentation and research, together with observations made on specimens 
sent to the laboratory, also results of examinations made on a number of 
farms where the disease existed. Many farms were visited and several 
examinations made before any experimentation was started. 

Before planning the experiment, the data obtained from a number 
of field investigations were analyzed. A study of the anamneses, clini- 
cal and necropsy findings in each case indicated that the disease was 
of nutritional or trophic origin. 

A second analysis of the data showed that various combinations of 
foodstuffs constituted the swine rations on the several farms. (Refer 
to protocols for specific rations.) A summary showed that the follow- 
| ing foodstuffs were used: cereals fed as whole grains, including corn, 
| oats, and barley; mill feeds, including shorts, bran, red dog flour, 
| ground oats, ground corn, ground barley, and mill sweepings; com- 
| mercial concentrates, including oil meal and tankage; dairy products, 
) including whole milk, skimmilk, and buttermilk (creamery run or 
| semisolid). Alfalfa, red clover, rape, blue grass, and rye represented 
| the green foods where pasture~was used. That which was called 
| pasture in some cases amounted to nothing more than an exercising 
_pen, the ground being barren and devoid of vegetation—strict “dry 
) lot” conditions. A plank-floored enclosure was the only out-of-doors 
| pen available in one case. Kitchen slops were utilized in some cases 
‘and on one farm a commercial stock food was being fed. 

Component parts of the various rations were next considered, i.e., 
proteins, fat, carbohydrates, minerals, and the accessory food factors 
or vitamins. A few of the rations could be criticized as lacking in 
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protein, and others because of the quality of the proteins. An abun- 
dance of carbohydrates was found where the nitrogenous substances 
were low. In no cases were diets deficient in carbohydrates. The 
antiscorbutic or water soluble vitamin (C) was noticeably missing in 
some of the rations. However, it is questionable as to just what 
significance this vitamin has in connection with avitaminoses in farm 
animals. All of the rations supplied some of the Vitamins A and B. 
All rations which did not provide green pasture as a part of the diet 
were also deficient in the antirachitic vitamin. Many severe cases 
of an osteo-arthritic disease were observed, however, on farms where 
all these elements were being supplied in abundance. (See Protocol 6.) 
A lack of calcium seemed to be the outstanding mineral deficiency in 
many cases. Yet there were typical cases of a bone and joint disease in 
swine which were receiving foodstuffs that are said to carry large 
quantities of calcium. (Compare Protocols 6 and 7.) 


EXPERIMENTAL WORK 


Experimental work was begun in March 1921 and continued to the 
latter part of 1923. The pigs used in these trials were purchased at 
the South St. Paul stockyards and were from 4 to 5 months of age. 
They were brought to University Farm, immunized against hog 
cholera by the serum-virus method and kept in a 21-day quarantine 
before placed in the experimental lots. During this period a ration of 
corn, oats, red dog flour, and tankage was fed. The pigs were fed © 
just enough of these foodstuffs to keep them at about an even weight. 
All pigs were in good physical condition at the end of this period, as 
far as could be determined. Each pig was ear-tagged and placed in a 
lot or group just before the experiment. The lot or group was based ~ 
on weight, size, breed, and sex of each pig, and, as far as possible, the — 
lots were equally balanced. 


EQUIPMENT 


Throughout the experimental period, except for the time required — 
for weighing, the pigs were kept in pens in a large shed or barn. Each — 
pen covered an area of approximately 200 square feet. The pen © 
partitions were made of wood. On the south wall of each pen was a| || 
30x40 inch window. These were closed only in inclement weather. — 
The floors were of cement, troweled, smooth, and drained to one end. 4 
Each pen contained two V-shaped wood troughs, one for water and — 
the other for feed. The scale for weighing the pigs was in a separate 
building about 50 feet distant. Once every ro days the pigs were 
driven to these scales and weighed as expeditiously as possible. They 7 
were removed from the pens at no other time. Separate bins were 
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constructed for each diet mixture. Separate feed pails and scoops were 
provided, one for each diet mixture. Feed scales and charts were 
convenient for the caretaker. 

Diet mixtures were compounded in from 200 to 4oo pound lots. 
The constituents of each lot were weighed separately then dumped 
together and mixed thoroly. The mixture was agitated again when 
about half had been fed. The pigs were fed twice a day, morning and 
evening. The amount of feed for each lot at each feeding was weighed 
and recorded. Oat straw bedding was kept in one half of each pen at 
all times. 

DIETS (RATIONS), LOTS, AND RESULTS 
DIET I 
The basal ration or Diet I was compounded according to the follow- 


ing formula: 
(COUN ..08 Sip CORO oo eI are 99 parts 
Sao chloride: waa. delduees sale a hls os I part 


Obviously, this is a poor ration. That such a ration is deficient and 
unbalanced has been known for a long time, yet it is a fact that a great 
many farmers feed swine rations almost identical with it. Rations of 
similar character have been used by other investigators (1) who have 
concluded that unless corn is supplemented it is not a good diet for 
growing swine. 

The principal deficiency of this diet is the lack of protein. Zein, 
the principal protein of corn, is not a complete protein, as it is deficient 
in some of the amino acids essential for maintenance and growth, 


| notably lysin and tryptophan (2). The diet is also low in mineral 
_ matter, particularly in calcium. According to Henry and Morrison (3) 


there are only .2 of a pound of calcium to every 1000 pounds of shelled 
corn. On the other hand, the phosphorus content of corn is quite 
high—6.9 pounds per 1000. Yellow corn is a good source of Vitamins 
A and B, and yellow corn was used throughout these experiments. 
Four different lots of pigs (I, V, VII, X1), comprising 24 in all 
were fed Diet 1. Lot I was under experiment from April until 
August, 1921; Lot V from August until the middle of December, 1921 ; 
Lot VII, from January to April, 1922; Lot XI, in the spring of 1923. 
The 8 pigs in Lot I averaged 97.5 pounds at the beginning of the 


_ experiment. Six, or 75 per cent, developed a disease of the bones and 


joints. In two, 9769 and 9781, the disease became very severe and 


marked evidence of arthritis and loss of function, akinesia algera, 


appeared (Fig. 1). The first evidence of disease was observed in 
9781, 35 days after the beginning of the trial. Its average daily rate 
of gain for the 35 days was .5 of a pound. Foliowing the appearance 
of first symptoms, this pig began to lose weight and continued to do so 
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for the remainder of its life. The disease became so marked that after 
about the seventieth day it could not rise upon its feet. 

The second pig to show symptoms was 9769. This was 40 days from 
the beginning of the feeding period. Up to the time of the first 
symptoms it was making an average daily gain of 1.25 pounds. It 
gained only 2 pounds in the next to days and from then it lost weight 
continually. The course of the disease paralleled that of Pig 9781. 

In Pig 9762, which was gaining at a rate of only .24 pound per 
day, the first symptoms were noted on the forty-second day. The 
symptoms never amounted to more than a slight stiffness and a tendency 
toward a stilty gait. This pig did little more than maintain itself for 
the remainder of the experimental period. The three remaining pigs 
in this lot, in which symptoms appeared, did not show symptoms until 
after 60 days from the beginning of the trial. The disease progressed 
slowly, but before the end of the experiment they were very lame 
and sore. Throughout the trial they were gaining in weight at an 
average of one pound daily. 

Two pigs in this lot never showed evidence of an osteo-arthropathy. 
One of them gained only 15 pounds in weight during the entire period, 
the other, 25 pounds. Only slight skeletal growth was observed in 
either of these pigs and in Pig 9762. Their hair coats were rough, 
harsh, and dry and a marginal area of skin about the eyes was very 
light in color and more or less scurfy. 

The 5 pigs in Lot V at the beginning of the experiment weighed 
on an average of 83.3 pounds each. One was a Duroc-Jersey, one a 
Chester-White, and three were crossbred, Poland-Duroc. In this trial 
two, or 40 per cent, of the pigs developed characteristic symptoms. 
The first to show symptoms was Pig 9785. This was the fifty-fifth 
day. Up to this time .58 pound was its average daily gain and for the 
remainder of the period its weight remained about constant. This pig 
did not develop a marked case of the disease. Pig 9792, the second 


of the lot to show symptoms, gained 3 pounds the first ten days of the 4q 


trial but then steadily lost weight. The stiffness and lameness which 
developed, involved only the left hind leg. They were first observed 
on the seventieth day. ; 

Two of the pigs, 9786 and 97093, barely maintained themselves |— 


throughout the entire period, in this case 110 days. One of them at — 


the end of the period weighed 2.5 pounds less than at the beginning, — 
and the other gained only 13 pounds. The condition of these pigs was ~ 
comparable to that of Pig 9762 of Lot I. The fifth pig of this lot did — 
little better than the two preceding. It gained only 32.5 pounds and — 
made slight skeletal growth. No clinical manifestations of disease 
were observed in any of these pigs. 
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Lot VII was the third group to receive the basal ration. The 

- average weight of the seven pigs at the beginning of the trial was 72.6 
pounds. They then all appeared well and healthy. Four of them were 
Poland-Chester-White crossbreds and three were grade Duroc-Jerseys. 
Between the forty-fifth and fifty-fifth day of the feeding period three 
of them sickened and died. An autopsy showed that the most marked 
lesions were those of broncho-pneumonia and hemorrhagic enteritis, 
with petechia on the laryngeal and bladder mucosa. Clinically they had 
shown marked prostration and weakness with high temperatures. It 
was felt that the principal factor operating in connection with these 
casualties was a hog cholera “break.” The remaining pigs were given 
large doses of anti-hog cholera serum and no further losses occurred. 

Of the four pigs left in the lot three developed symp‘oms of an 
osteo-arthropathy ; on the forty-fifth day in one, on the forty-seventh 
day in another, and on the fifty-second day in the third. The disease in 
one case became severe; the other two were mild. None of the pigs 
increased much in weight or made appreciable skeletal growth. The 
fourth pig lost 20 pounds in the experimental period; no clinical symp- 
toms were observed. 

Five grade pigs averaging 79.5 pounds each comprised Lot XI, 
the fourth group to receive this ration. Two were Durocs, two 
Polands, and one was a Chester-White. 

Three of these never showed signs of a bone and joint disease and 
for a period of go days, the duration of the trial, their average daily 
gain per pig was .56 of a pound. Their skeletal growth was 
proportionate. 

Two pigs develcjed the disease. Pig 9889 became a marked case. 
The symptoms began with a lameness in the right thoracic limb. Later 
it was lame in all four legs. The progress of the disease was slow but 
in 40 days from the appearance of the first symptoms, it reached a point 
where total loss of locomotive function was evident. The first symp- 
toms were observed on the thirtieth day. This pig increased in weight 
at a rate of .4 pound per day until the time when it could not’ get about 
the pen unassisted. The second pig of the lot to show symptoms was 
gg02. They were not observed until the seventy-second day. This 
case did not become severe. It gained 55 pounds in 9o days. 


DIET 2 


A second diet was formulated to compensate for the protein de- 
|. ficiency of the basal ration. For this purpose a commercial grade of 
casein was supplied. Casein (4) carries large amounts of tryptophan 
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and lysin, the two amino acids deficient in zein. The ingredients and 
amounts of each constituting this ration were: 


GOP bc sonane oot ak eer re ree 04 parts 
CASEI. sae orcatere oder eee he ee 5 parts 
Sodium chloride’ \cceeenet Bohn artnet I part 


This ration was fed to nineteen pigs divided among three lots, II, 
IX, XIII. 

Seven Duroc-Jersey pigs of good quality, averaging 94.4 pounds 
per pig, made up Lot Il. This group was being fed at the same time 
as Lot I. Four pigs in Lot II made exceptionally good gains in weight. 
In fact, all made good gains in weight and increased in skeletal growth. 
After 100 days, the length of time that the pigs were kept on the 
experiment, each weighed on an average 242.8 pounds. 

Four, or 57 per cent of the pigs in this lot, showed that some patho- 
logical process was operative in the bones and joints of the legs. 
Pig 9779, the first to show symptoms, developed a lameness and stiff- 
ness forty-one days from the beginning of the experiment. This pro- 
gressed slowly, and later it required considerable urging by the care- 
taker to make this animal regain its feet. When walking the joints of 
the front legs were held immobile and a marked lameness of the left 
hind leg was-evident.. To stand or to walk caused this pig much pain. 
Notwithstanding the progress of the disease, this pig gained at a rate 
of .86 pound daily. The second pig in this lot to show symptoms 
was 9756. They were first noticed on the fifty-sixth day, and were 
particularly those of a shoulder lameness involving the right thoracic 
lee. This persisted throughout the trial. 

Pigs 9764 and 9770 did not show definite clinical manifestations 
until the eighty-second and ninety-second days, respectively. These 
two pigs and the three others which never showed evidence oF disease, 
made average daily gains of 1.6 pounds. 

A point worthy of notice is that for the last 50 to 60 days of the 
feeding period all the pigs in this lot were more or less slow and slug- 
gish in their movements. They were not excitable; on the contrary, 
they possessed a low temperament and were quiet and docile. Consider- 
able urging and driving was necessary when taking them to or from 
the scales to be weighed. Their bodies were plump and smooth and 
their hair was sleek. 

Lot IX, the second group to receive this ration, consisted of seven 
pigs. Results in this group were not the same as in Lot II. First, 
none of these pigs developed an arthritic or osseous disease. Second, 
as a group, their increase in skeletal growth and body weight was far 
below those of Lot II. In fact, they did not do as well as the groups 
fed Diet 1. Th’‘s lot was being fed and cared for at the same time as 
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Lot VII, and a hog cholera break, as described for Lot VII, occurred 
in this group. Three pigs died; two others were very sick but later 
recovered. The remaining two were sick about one week and then re- 
covered, and came back on full feed, continuing to gain at a rate of .5 
pound per day. The two that recovered after being sick for a longer 
time weighed less at the end of the trial than at the beginning. It is 
quite probable that the complicating illness was responsible for the 
poor results obtained with this group. 

Diet 2 was used a third time on a group of five pigs, Lot XIII. 
They averaged 83.5 pounds per pig when placed on experiment. Four 
of them were Duroc-Jerseys and one a Chester-White. All the pigs in 
this lot showed characteristic clinical manifestations of a bone and joint 
disease. 

The first symptoms were observed in Pig 9907 on the fortieth day. 
Almost simultaneously with the onset of the symptoms the growth 
stopped and loss in body weight began and continued throughout the 
remainder of the period. The disease progressed and became so severe 
that by the eightieth day the pig could not stand up on its feet. The 
second to show symptoms was 9897. They were first noticed on the 
forty-sixth day. Up to this time the pig was gaining at a rate of 1.5 
pounds per day, but like 9907, growth stopped and loss in weight began 
with the development of clinical symptoms. The disease progressed 
and by the end of 100 days the pig could not walk. 

The next to show symptoms was 9905. They appeared on the sixty- 
fourth day and continued throughout the period. The disease, however, 
did not become severe in this case. The pig gained in weight at an 


. average of 1.3 pounds per day up until the time of first symptoms. 


After this it lost weight continually. 

The two remaining pigs showed a stiffened and stilty gait the last 
30 days of the experiment. When they were standing the metacarpi 
were inclined downward and backward so that the front feet were 
placed farther under the body. These pigs gained in weight at ap- 
proximately 1.8 pounds per day for the first 40 days. The following 
30 days, or until the time the symptoms were noted, the rate of gain 
dropped to only .27 pound per day. They continued to gain at about 
this rate until they were taken off the experiment. Only a mild form 
of the disease was apparent in these pigs. 

DIET 3 

It seemed advisable to.keep one lot of pigs on a diet carrying a 
liberal supply of the antiscorbutic vitamin (Vitamin C). For this 
reason the following ration was prepared: 

(Caan oboe adh SOOO Oe ae eee 99 parts 


Sodiamchlondeecsst see .ci5. eee +> I part 
Cabbage; per pig per day............. I pound 
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The white parts of cabbage were used because they contain an abun- 
dance of Vitamin C, and because the food could readily be obtained 
only sound heads of cabbage were used. They were chopped into small 
pieces and placed in the feed trough once each day, about three hours 
after the morning feeding of corn. One pound of the chopped cabbage 
per pig a day was more than the pigs would consume at all times. 

This ration was fed to one group of pigs, consisting of seven 
Duroc-Jersey pigs weighing on an average 89.5 pounds per head. This 
group was designated Lot IV and was carried along with Lots I and IL. 

The first pig to show symptoms was 9765. These were observed 
on the twenty-fifth day. For the first two weighing periods, the aver- 
age daily rate of gain for this pig was 1.25 pounds, but at the next 
weighing, 10 days later, the rate fell to .5 pound, and the pig continued 
to lose weight from then on. The progress of the disease was rapid, 
in 15 days from the first symptoms total loss of locomotive function 
had occurred. Each time the pig would try to move about, loud squeals 
were emitted, indicating much pain. 

On the fifty-first day Pig 9780 was stiff and lame for the first time. 
Prior to this it had increased in weight 50 pounds. It gained only 10 
pounds for the remainder of the period, 47 days. This pig became 
very stiff, lame, and sore in the two front and left hind legs. However, 
this case did not. become as severe as the preceding one. 

The other pig in this group to develop the disease was 9757. It 
was 60 days before the first symptoms were observed. The disease 
was not as marked as in 9780. The rate of growth and increase in 
skeletal structures did not appear to be influenced by the disease, since 
the rate remained the same after disease was evident as before. 

The four remaining pigs of this lot showed no indications of disease. 
Three of them made average daily gains of approximately .75 pound 
and the fourth of .25 pound. \The skins and hair coats were similar to 
those of Pig 9762 of Lot I, Diet 1. : 


Dret 4 
Diet 4, containing an additional amount of calcium, was made up of : 
Gon” o3 teenies ea ee eae 07 parts 
Calcttnm Jeanbomate i. .c epee 2 parts 
Sodiummechlonide meaner nets I part 


This ration made available approximately 380 grams of calcium in 
each 100 pounds of feed. There was almost 22 times as much calcium — 
in Diet 4 as in Diets 1, 2, and 3. These figures do not take into account — 
the amount of calcium consumed in drinking water. An, analysis of 
the water at University Farm made by the division of agricultural 
biochemistry, showed that it contained 164.5 parts of calcium carbonate 
per million. No records were kept of the exact.amounts of water the 
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pigs drank but estimates based on relative amounts show that each pig 
received about .1 gram of calcium per day in water. This applies to all 
pigs in all lots. 

Three lots of pigs received Diet 4. Seven grade Duroc-Jersey pigs 
averaging 94.6 pounds per pig at the beginning of the trial comprised 
Lot III. They were on experiment at the same time as Lots I, II, 
and IV. None of these pigs developed symptoms characteristic of 
the arthritic and osseous disease observed in pigs receiving the other 
three rations. Five pigs in the lot made good skeletal growth and in- 
creases in body weight. They gained on an average 1.09 pounds daily 
for 100 days. One gained at a rate of 1.48 pounds per day. This was 
very close to some of the pigs which received the protein supplement. 
Two pigs in the lot made little skeletal growth and increase in weight, 
their average daily gain being .31 pound. 

An apparent interesting fact was that the pigs in this group always 
showed a lively temperament. When a person walked among them in 
the pen and when driven to the scales, they would frisk, run, and chase 
about, emitting loud squeals and grunts. This was not characteristic 
of the pigs kept on the other diets mentioned. Furthermore, these pigs 
would stop and root and devour sand and gravel unless forced to move. 
This was not characteristic of those receiving Diet 4. 

The second time this ration was used was on Lot VI in the fall of 
1921. This time five pigs of mixed breeding and averaging 80.8 
pounds each were under test. None in this lot developed any indica- 
tions of the disease. All of them steadily increased in weight from the 
beginning to the end of the trial, 110 days. Three made an average gain 
of 107 pounds; one gained 76 pounds; and the other, only 33 pounds. 
In temperament and disposition these pigs were similar to those in 
Lot III. 

The results obtained with Lot VIII, the third group to receive 
Diet 4, were not so satisfactory from the standpoint of growth and 
increase in weight as those in the two previous trials. This group was 
being fed and cared for at the same time as Lots VII and [IX and 
suffered a cholera “break” also. Five pigs in this lot sickened and 
died. An examination of the growth curves showed that two of the 
pigs, 9816 and 9826, only maintained themselves for the 100-day period. 
Three others made slight increases. There was no evidence of an osteo- 
arthropathy in any of the pigs that finished the trial. 


DIET 5 
CCOUMA. ~ cy oR NSE SURE ee One cee ee 92 parts 
(CASSIS Scie ee tener 5 parts 
Gal cimmmCaT DONA cian. silo ade ce ciisle we 2 parts 


Sioaiistan @llesctels +25 ae Saane chan eeneS I part 
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This ration combines the supplements of Diets 2 and 4. Corn is the 
only ingredient carried at a lower level, the others are carried at the 
same level as when used to supplement the basal ration in their respec- 
tive diets. Altho a small amount of calcium would be lost in decreasing 
the amount of corn, it would be compensated for by the amount of 
calcium combined in the casein. 

Lot X, which consisted of five Duroc-Jerseys and a crossbred 
-Poland-China and. Chester-White, was fed this ration. The average 
weight of the six pigs at the beginning of the trial was 110.9 pounds. 
Hog cholera caused the death of two pigs in this lot. For the first 
40 days before their sickness, five were gaining at a rate of .87 pound 
per day. The sixth pig began to make fair gains but this soon ceased 
and by the end of the experimental period it had increased only 15 
pounds in weight. Two of the pigs maintained an even weight subse- 
quent to the cholera “break.’’ Another lost 15 pounds. None of the 
pigs in this lot ever showed clinical manifestations of lameness, stiff- 
ness, or other symptoms characteristic of. the disease. 


SUMMARIZED RESULTS OF FEEDING TRIALS 


Briefly summarizing the preceding data, it is found that there were 
75 swine used in the experiment. Two thirds of them received diets 
which were more or less deficient in calcium. Of this group 50 per cent 
developed symptoms of an osteo-arthropathy. 

Thirteen of the 24 pigs fed the basal ration showed symptoms of 
disease. In one, appreciable clinical manifestations were first noted on 
the thirtieth day. This case marked the shortest time between the be- 
ginning of the trial and the appearance of the first symptoms. In 
another the first symptoms were noted on the thirty-fifth day. Four 
pigs showed first symptoms between the forty-first and forty-eighth 
days; two, between the fifty-first and fifty-sixth days; two, between 
the sixtieth and sixty-ninth days; two, on the seventieth day; and one, 
on the seventy-second day. 

Some of the best average daily gains made by pigs on the basal 
ration, were made by three in which the disease developed. The rate 
of gain in five pigs was about the same after the appearance of symp- 
toms as before. The average rate of gain in those pigs was between 
.25 and .5 pound daily. After the ‘onset of the disease in two pigs, 
their weight remained nearly constant until the end of the trial. A 
steady loss in body weight occurred in three pigs after the appearance 
of first symptoms. 

Forty-seven per cent of the swine receiving the protein supplemented 
ration, Diet 2, showed evidence of a bone and joint disease. The first 
symptoms were observed in one on the fortieth day, in two on the 
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fiftieth day, and in four on the seventieth day. In the greater number 
the symptoms appeared between the sixty-first and seventieth days. 
It was not until the eighty-sixth day that lameness and stiffness were 
noted in one of the group and in another it was not until the ninety- 
second day. Three, in which the disease was apparent, rapidly lost in 
weight from the appearance of the symptoms. The other pigs con- 
tinued to increase in weight in spite of the disease. Aside from the 
pigs in Lot IX which suffered a setback from hog cholera, all but one 
started off at the beginning of the period by inaking splendid growth 
and weight increases. 

An osteo-arthropathy developed in three, or 42 per cent, of the pigs 
receiving Diet 3. The earliest case and one of the most severe cases, 
occurred in this lot. The first symptoms were observed on the twenty- 
fifth day. The second and third cases developed on the fifty-sixth and 
sixtieth days. This was more than twice the time for the first. 

None of the pigs receiving rations to which calcium carbonate: was 
added at the rate of 2 per cent, developed clinical manifestations of the 
disease. ‘Twenty-five pigs, distributed among four lots and fed at 
four different times, received such diets (Diets 4 and 5). 

Of the total number of pigs on trial, 45 were males (barrows) and 
30 females. Twenty-five of this group developed the disease and of 
this number 13 were females and 12 males. 


SYMPTOMS © 


The symptoms are principally confined to such as denote abnor- 
malities of the extremities. They vary with the location and the degree 
of the pathologic process. 

In many cases a slight lameness is the only clinical manifestation. 
In others the symptoms become very marked. Some of the cases be- 
come so severe that a complete loss of locomotion is evident (akenesia 
algera). Such represent the extremes. Many and various intermediate 
manifestations are encountered. 

In the incipient stage of the disease, if one front leg is involved, the 
particular type of lameness is a supporting leg lameness. In some 
cases this will subside after moderate exercise. With the progress of 
the disease, the symptoms become more distinct. When both front 
legs are involved, a stiff, jerky, and stilty gait is recognized. It is not 
uncommon to see pigs tumble forward on their faces if made to move 
faster than a walk, if) they are lame in either or both of the front legs. 
When standing, the front feet are placed farther under the body, caus- 
ing a marked volar flexion at the carpus (Fig. 3). In others the slope 
of the pastern is nearly verticle, and the pig appears to be standing on 
the tips of its toes. ‘In some cases a marked anterior extension of the 
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joint between the first and second phalanges occurs. Puffing or swell- 
ing in any of the more distal joints of the legs does not occur. No 
appreciable changes can be determined by palpation or manipulation of 
the articulation in the early stages of the disease. Such examinations 
apparently do not produce pain. 

As the disease becomes more advanced the animals are very reluctant 
to stand. Instead, they will flex the knees and bear their body weight 
upon them. Many will move about by walking on their knees. Pigs 
in this condition exhibit much pain when moving from one place to 
another. Decubitis and necrosis at the pressure points become evident, 
especially in cases of long duration. 

If but one of the pelvic limbs is involved, a combined swinging and 
supporting leg lameness is usually observed. The affected leg is not 
carried as far forward as in a normal gait and the feet are quickly 
placed on the ground. Lameness of one hind leg only is not of fre- 
quent occurrence, in cases of long standing. On the other hand, a 
unilateral stiffness or lameness is usually the first clinical symptom. 
As a rule both hind legs become involved sooner or later. 

When both hind legs are involved the gait is very distinct. The 
legs are held quite rigid and the stride is short and jerky. The lateral 
movements of the lumbar and sacral regions are minimized as much 
as possible because the animal tries to hold these parts rigid. 

Pigs in more advanced stages of the disease try to place their hind 
feet as far forward as possible. This usually results in a “knuckling” 
or “breaking over” at the pastern joint, and lowers the posterior parts 
of the body. In some instances, flexion at the tarsus is so marked that 
the hind cannon slopes downward and forward at an angle of 45° and 
even more (Fig. 3). In many cases the posterior parts of the body are 
dropped so that the ischii and plantar surfaces of the pelvic limbs rest 
upon the ground. When moving from one place to another, the pigs 
prefer to drag themselves forward by using the front legs as a fulcrum. 
It is very difficult for a pig to regain its feet from such a position. — 

A recumbent posture is assumed at all times in those cases which 
can be classed as very severe. Many assume what may be called a 
“sidesaddle” position by resting the hind parts on the lateral surface 
of one thigh, the hind legs being extended to the opposite side. It is 
exceedingly difficult and often impossible to get a pig in this condition 
to stand upon its feet, even if manually assisted. 

Periarticular thickening of the more proximal joints, shoulder and 
elbow joints of the front leg, stifle and hock joints of the hind leg, are 
not unusual findings. In many cases such enlargements may not be 
observed by visual inspection only, but can be detected by palpation. 
In a few cases a synovitis with effusion is observed. Thickening of 
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the skin at the pressure points and decubitis often results. Epiphyseal 
enlargements of long bones were not observed. Appreciable bowing or 
bending of the bones of the legs was not observed. 

It is not uncommon to find fractured long bones or ribs in one or 
more pigs among a drove where this disease exists. Of the bones of 
the legs, the femur was fractured most often, and of the ribs, the 
seventh, eighth, or ninth. Among the experimental animals which ~ 
could be watched from day to day, lameness was the first symptom. 
The lameness was observed in either one, two, three, or four legs. In 
nearly 59 per cent of the cases the first indications of lameness and 
stiffness occurred in the posterior extremities. About 37 per cent 
showed first symptoms in the anterior extremities. A small number 
of cases, 2 per cent, were observed, in which the lameness involved all 
extremities on the appearance of first symptoms. 

Muscular atrophy, especially of the shoulder and thigh, is not un- 
common. In many instances this results from disuse, especially if the 
disease is progressing slowly. On the other hand, cases have been seen 
in which a marked muscular atrophy occurred soon after the appear- 
ance of first symptoms. Twitching of the muscles has been observed 
in several cases. In some cases a rigidity of the muscles was noted 
and in others a marked spasticity of the muscles occurred. Reflex 
sensibilities were not impaired. 

Symptoms denoting gastrointestinal and systemic disturbances are 
not pathognomonic. A partial anorexia usually occurs during the early 
stages of the disease and unless the diet is changed the pigs seldom 
return to “full feed.” 

Excessive rooting, digging, and the eating of earth has frequently 
been observed. (Specific examples are cited under Diet 4 and in 
Protocol 6.) This may be considered a sign or symptom. It indicates 
that the pigs are attempting to obtain something that is lacking in 
their dietary. 

Mortality in this disease is often the result of starvation, because 
food and water are not so placed that severely affected animals can 
get it. 

PANROLOGY 


The findings at necropsy are usually confined to the joints and bones. 
Joint and bone lesions of various kinds may occur. The particularly 
gross changes in some cases involve the osseous structures of the 
epiphyses of the long bones.. Others show periosteal and subperiosteal 
hypertrophies. Ulceration, erosion, and atrophy of the articular 
cartilages are not infrequent findings. In many cases the synovial 
membranes and periarticular structures are the only structures involved. 
A combination of changes is, however, usually found. 
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The bones in which the pathological processes are most often ob- 
served are those of the limbs. Likewise, the ribs in nearly all cases 
shows certain abnormalities. At the autopsies of the experimental 
animals, the bones of the limbs particularly involved and given in the 
order of their frequency were: the humerus, femur, scapula, radius, 
tibia, and ulna. The mandible was involved in two cases. No definite 
changes were noted in the shins or feet, including all bones from the 
carpus or tarsus to the ground: The same is true of the vertebrae. 

It is surprising to find that definite changes which can be noted by 
gross examination are not commensurate with the clinical manifesta- 
tions. The converse of this is likewise true, altho it does not seem to 
occur as frequently. 

More than a casual examination of a bone is usually necessary be- 
fore even quite marked changes can be detected. In other words, to 
dissect the soft structures free from the bone will not in all cases 
reveal abnormal conditions. Appreciable gross enlargements of the 
ends of the bones have not been observed, or bending or curving of 
the shafts. As a matter of fact, measurements taken from X-ray 
plates showed that the proximal extremity of the humeri of pigs on 
low calcium diets, which had developed marked clinical symptoms of 
an osteo-arthropathy, were not as wide as those receiving the mineral 
supplement. Occasionally one finds cases in which the humerus, ulna, 
femur, tibia, fibula, or a rib is fractured or broken, or in which a 
swelling, callus, or retrogressive pohange may mark the site of a previous 
fracture. 

Longitudinal sections of the limbs should be made in order to ob- 
serve certain of the lesions. In extreme cases it is comparatively easy 
to saw through the bones. The spongy bone in these cases is very soft 
and its bony spicules in many cases can be crushed and broken with 
the thumb or finger. The marrow substance is usually white ‘and is 
of a fatty consistency. In some cases the spongy matrow is very red- 
dish in color, and in others it has a very mottled appearance. Hemor- 
rhages toward the extremities of the shafts of the long bones are often 
seen. Hemorrhages into the epiphyses of the long bones are seen more 
often, and they usually are in juxtaposition to the metaphyseal 
cartilage. The proximal extremity of the humerus and the distal ex- 
tremity of the femur are the two locations in which such changes are 
most frequent. Changes in the spongy substance of the short bones 
such as the carpals, tarsals, phalanges, and also the vertebrae, have not 
been noted particularly. 

Periosteal and subperiosteal hypertrophies are not uncommon. In 
some cases these are very noticeable while in others they may pass un- 
noticed. Such hyperplasias can be seen best after the soft tissues are 
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removed and the bone sectioned longitudinally, or with the X-ray. 
Grossly this lesion appears as an accumulation of a grayish-white tissue 
which has a rather firm consistency. It can be cut quite easily with a 
knife and sometimes comes away in crumbly condition. It is not always 
distributed evenly over the\surface of the bone, but may be deposited 
irregularly. 

In three out of five X-ray plates made from severe cases of this 
disease, periosteal and subperiosteal thickening on the scapula was 
noted (Fig. 14). The thickened area was situated on the posterior 
border in two cases and on the anterior in one. A periosteal thickening 
on the humerus in three of the five cases and on the femur in a like 
number was also observed. There was no evidence of periosteal lesions 
on any of the other bones of the legs. In one of our cases, the 
periosteum was so thickened, that an area on the anterior surface of 
the femur was seven millimeters thick. In this case the hyperplastic 
tissue was situated on the outer side of the periosteum as well as 
beneath it (Fig. 10). A subperiosteal thickening on the posterior 
aspect of the neck of the humerus and just below the articular cartilage 
was observed in another case. Most often, however, the thickened 
periosteal lesion is situated at a point where it appears as an attempt 
to give additional support or where there is considerable muscle strain. 

Only one or two articulations or joints may be affected. One may 
find changes of a certain form in one joint and a different kind in a 
second joint. Such findings may occur in the jo:n‘s of the same leg 
or of other legs. The joints which showed gross changes most fre- 
quently were the shoulder (scapulo-humeral); hip (coxo-femoral) ; 
elbow (humero-radial) ; stifle (femoro-tibial) ; knee (ulnaro-carpal) ; 
and the hock (tibio-tarsal). The most striking changes were observed 
in the first four mentioned. No gross changes were noted in any of 
the more distal joints of the legs. In a few instances changes were 

“seen in some of the intervertebral joints, especially in the posterior 
thoracic and lumbar regions. Enlargements of some of the costo- 
chondral junctions have been observed in a few cases. 

Disarticulation is imperative if nutritional or deficiency disease is 
expected. In extreme cases well marked pathological changes will be 
found. 

The articular cartilages in a number of cases showed striking ab- 
normalities. In some they appear contracted and thrown into folds or 
wrinkles, causing deep linear sulci or furrows (Fig. 9). Such lesions 
when found nearly always involved those articular cartilages having 
marked convex surfaces. The wrinkling of the surface of the head 
of the humerus was usually well marked at the periphery. When this 
wrinkling was evident on condyloid articular surfaces, it was usually 
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in the grooves, At the bottom of the sulci the cartilage was atrophic 
and necrotic. 

Erosive lesions were sometimes found. In some cases marked 
erosion of the articular cartilage had. occurred. Areas of erosion 
measuring 1.5 centimeters in diameter and extending down to the 
underlying bone surfaces, were seen in a few instances (Figs. 7, 9). 
Such lesions occurred most often in the glenoid articular cavity of the 
scapula. No changes of this kind were found in the acetabulum. 
Erosions on the head of the humerus were not infrequent. In one case 
the proximal articular surface of the radius was involved. These areas 
were not septic. Culture media seeded with material from these areas 
remained sterile. The lesion is usually dry or nearly so because very 
scant amounts of synovia are present in such articulations. It was of 
interest to note that where even several eroded areas were present, 
there was no evidence of beginning bony ankylosis. 

In less severe cases the articular cartilages may show slight depres- 
sions, causing an uneven and wavy surface, or the depression may be 
as little pits. Many cases have been seen where the cartilage is very 
thin and presents a deep purplish blue color. The cartilage in some 
instances is softer than normal—a state of chondromalacia. 

In nearly all instances where extensive cartilage changes were 
found, there was also a marked periarticular thickening. The outer 
layer of the joint capsule is composed of dense connective tissue. It 
may be a centimeter or more in thickness. The inner or synovial layer 
may also be thickened. In some cases numerous long villous prolifera- 
tions from the synovial layer have been observed. They are situated 
most often along the attached border of the capsule and instead of 
being diffusely scattered, they occur in more or less isolated clumps. 
They are often swollen and hemorrhagic. In other cases, however, 
they cover the entire synovial surface. The amount of synovial fluid 
1s not commensurate with the hypertrophic serosa. Cultures made 
from these fluids remained sterile. 

Lesions in the knee, hock, and the joints of the feet have never 
been as extensive as in the more proximal ones. As a matter of fact, 
no appreciable gross changes were noted in the joints of the feet. 
A thin, purplish-blue and slightly pitted joint stirface constituted the 
most severe lesion in the knee. In only two cases the trochlear articular 
surface of the tibial tarsal bone showed a slight wavy, uneven, and 
roughened surface. A thickened joint capsule or periarticular thicken- 
ing, especially at the knee, was seen more often. 

Enlargements at the costochondral junction was observed in some 
cases. The enlargement in these cases was outstanding and could: be 
recognized readily. The area was firm but could be cut quite easily 
with a knife. 
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A simple test which may be employed in an autopsy on a pig, which 
in a crude way offers an indication of the mineral status of the skeleton, 
is to force the blade of a knife into the articular surface of some of the 
long bones. The particular point to note is the degree of resistance 
encountered in forcing the blade into the bone. In hard bones it is 
difficult to engage the blade far beneath the articular cartilage, while 
in soft bones the blade will pass into the epiphysis quite easily. The 
proximal epiphyses of the humerus and femur and the distal epiphysis 
of the femur offer the best sites for the application of this test. A 
second test can be made in connection with the ribs. After the ribs 
are separated from the sternum, cut the intercostal muscles down to 
the vertebral column. This frees the rib. Next, grasp the rib firmly 
with the hands and break it at right angles. A normal rib will crack, 
splinter, and break through the soft structures. A rib from a mineral 
deficient pig will bend and break like a piece of cardboard. 

Examinations of a great many of the intervertebral articulations, 
particularly those between the bodies of the vertebrae, have not re- 
vealed changes of sufficient importance to relate. On the other hand, 
deviations from the normal vertebral curves have been observed. The 
lumbo-dorsal curve was less convex, the lumbo-sacral more convex, and 
the sacro-coccygeal less convex than in normai swine. 

The skin of many of the swine, especially on the ventral part of the 
abdomen and about the eyes, was thick, dry, and more or less wrinkled. 
The hair coat was coarse, dry, and lusterless. Decubital sores and 
especially callosities, were frequently observed. They usually occurred 
over the pressure points, i.e., knee, fetlock, pastern, and posterior sur- 
face of the hock. One usually observes a deformity of one or more 
of the legs. The thoracic leg may show marked volar flexion at the 
knee, fetlock, and pastern joints. In the pelvic leg there is anterior 
flexion at the hock joint, planter flexion at the fetlock and pastern 
joints. Contractions of the muscles and tendons of the legs often 
make it difficult and even impossible to extend or straighten the leg. 
Atrophy of the muscles, especially those of the legs, is not uncommon. 
Little or no subcutaneous or visceral fat was observed in any of the 
cases that had been down for from four to seven weeks. The teeth of 
the lower jaw in three of the cases were loose and the gums appeared 
very pale. The rami of the mandible in one case was very thick in 
the lateral diameter. In another, the bones around the nasal cavity ap- 
peared bulged. The tonsillar tissue of the soft palate in a few cases 
was intensely inflamed, and the crypts were filled with caseo-purulent 
material. In most cases this tisstie was not involved. 

Significant gross changes in the circulatory, respiratory, digestive, 
and genito-urinary systems were not observed. No gross changes were 
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noted in any of the nervous tissue. The spinal cords of many were 
examined but no changes noted. The spinal fluid was cultured in 
several cases, but in each case the media remained sterile. 


HISTOPATHOLOGY 


The subperiosteal thickenings are composed mostly of osteoid tissue. 
The trabeculae are usually wide and are not arranged in a definite 
manner. In one case where the periosteal lesion involved the shaft of 
the bone, the osteoid trabeculae were arranged at almost right angles to 
the vertical plane of the shaft. They were narrow and spaced about 
an equal distance apart and without much branching. Fine striations 
running lengthwise with the trabeculae can be seen in many cases. 

Areas of osteoid of- considerable thickness with small trabeculae 
radiating from it are often observed. Toward the centers of such 
areas a group or nest of osteoid cells may be situated. From 3 to 12 
or 15 osteoid cells, some large and some small, compose such cell 
groupings or nests. Many small blood vessels enter the osteoid, espe- 
cially where it is collected into wide masses. Collections of osteoblasts, 
1 to 3 rows deep, were seen along the edges of the trabeculae in various 
places. It appears that a metaplasia of these cells into the production of 
osteoid occurs. The spaces between the trabeculae are often filled 
with fine connective tissue fibers, some osteoblasts, osteoclasts, leuco- 
cytes and erythrocytes, marrow cells and fat cells. The fibers are 
arranged in a dense reticulum. The inner layer of the periosteum in 
some cases showed a marked increase of fine white and delicate elastic 
fibers. 

The epiphyseal cartilages were often affected. They were wider 
than normal and very irregular. The cartilage at the periphery of the 
bone is often wide and becomes much thinner toward the center. In 
some instances the cartilage spreads out at the periphery in a fan 
shape. The cells of the cartilage are arranged in columns separated 
by varying amounts of hyaline matrix. Some columns have two and 
three rows of cells, others have only one. The cells in the single row 
columns are usually smaller than those of multiple rows. The cells in the 
multiple row columns are packed closely together, whereas there is a 
considerable amount of hyaline matrix between those in the single row. 
The cartilage tissue along the upper border of the epiphyseal cartilage 
is usually a more adult type. This border is frequently very irregular. 
In some instances columns of cartilage cells extended through to its 
upper border. Many times one would find a very disorderly or hodge- 
podge arrangement of these cells at the upper border. Some of the 
columns would bend from a verticle to a horizontal plane. The cells 
in these columns appeared to be flattened or compressed. Quite fre- 
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quently small blood vessels could be seen entering the cartilage from 
the diaphysis and forcing their way between the columns. 

There were cases in which the epiphyseal cartilage was much 
narrower. The columns of cartilage cells in these cases were not 
numerous. There was a greater amount of hyaline matrix between the 
columns and little or no proliferative activity was evident. 

In a number of instances sections from the spongy bone of the 
epiphysis and diaphysis showed very thin and calcified spicules. The 
spaces between them were unusually large. In about an equal number of 
cases the trabeculae were composed of osteoid tissue. The disposition 
of the osteoid and its histology was comparable to that described above 
in connection with the periosteum. The vascular sinuses and blood 
vessels in many cases were packed with red cells. In most instances 
osteogenic cellular elements were present in great numbers. 


ROENTGENOGRAPHY 


Five cases with well marked clinical symptoms were studied with 
X-ray. The material for photographing by this method was obtained 
at necropsy. The legs were removed and the skin and most of the 
muscle carefully dissected away. The entire front leg was removed. 
The hind leg was disarticulated at the femoro-coxal joint. The pelvis 
was included with the lumbar, sacral, and coccygeal regions of the 
axial skeleton. In some instances the material was kept in a 3 per cent 
formalin solution before the X-ray plates were made. In others it 
was kept in an ice box. 

There was marked evidence of calcium loss in the scapula in only 
one case. The others indicated only a partial loss. A very striking and 
outstanding lesion observed in three cases was that of a thickened 
periosteum. This occurred in the posterior border of the scapula in 
two cases and on the anterior in one. It was about .6 cm. thick at the 
widest point and sloped gradually at both ends (Fig. 14). Destruction 
and absorption of the articular cartilage was well marked in one case 
and partially in another. Marked calcium lo:s was not evident in these 
cases. : : 

All five humeri showed evidence of calcium loss. Here again, one 
case showed a greater calcium loss than any of the others. It was 
not the same animal which had shown a greater loss in the scapula. 
Furthermore, the proximal end of the humerus appeared to suffer a 
greater calcium loss than the dis‘al end. The proximal metaphyseal 
cartilage in four cases was completely calcified and appeared as a distinct * 
white line in the X-ray plates. A complete calcification of the distal 
metaphyseal cartilage was seen in only one case. The distal arcicular 
cartilage in the humerus showed evidence of destruction and absorption. 
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In this case and in one other, a similar finding was observed in the 
proximal articular cartilage. In two cases rather wide and ill-defined 
trabeculae extended from the compact bone of the shaft into the mar- 
row cavity which gave the impression that the compact bone was very 
wide. The compact bone in the case showing marked calcium loss was 
very thin. A thickened and calcified periosteum was observed in two 
cases. 

The radius in two cases did not appear to suffer a calcium loss. 
The loss in one case seemed to compare with that of the humerus, 
while in the others it was less. No definite cartilage changes could be 
noted. 

There appeared to be a greater loss of calcium from the ulna than 
from the radius in every instance. This is peculiar, because at autopsy 
the radius seemed to be affected more often than the ulna. A dark 
undulating line near the proximal end of the olecranon indicated that 
this cartilage had not become calcified. In four cases a similar line was 
noted at the distal end of the shaft. 

No definite changes were observed in the carpals, metacarpals, or 
phalanges. 

In four of the five cases it was clearly evident that a calcium de- 
ficiency existed in the femur. The compact bone of the shaft was 
very thin in two cases. In one of these a complete fraction at the 
distal end of the shaft was seen. The shaft in another case was thicker 
than usual and the posterior border was not concave. Wide trabeculae 
with rather ill-defined borders were observed. These extended from 
the compact bone of the shaft into the medullary cavity. The proximal 
metaphyseal cartilages were more completely calcified than the distal. 
No pathological changes of the articular cartilages could be determined. 
A slight thickening of the periosteum was noted in one case. 

The tibia in only one case showed a marked calcium loss. The 
proximal metaphyseal cartilage in this case appeared: to be completely 
calcified. The compact substance of the tibia appeared normal. No 
bowing or bending of these bones was observed. The distal meta- 
physeal cartilages in these cases were more completely calcified than 
the proximal. No definite changes in the articular cartilages could 
be noted. 

The patella, fibula, tarsals, metatarsals, and the phalanges did not 
show changes. 

A few plates were taken of the posterior portions of the axial 
skeleton. This included the regions of the lumbar, sacral, and coccygeal 
vertebrae together with the ossa coxorum. Nothing of particular sig- 
nificance could be learned from these plates. 


DISEASE OF THE BONES AND JOINTS OF SWINE 23 


Chart No. 1 expresses in a relative way the calcium status of the 
bones of normal and of calcium deficient swine. It represents a measure 
almost proportionate to the density of the bone, i.e., bones deficient in 
mineral matter are less opaque than those with a greater amount of 
mineral matter. The degrees of deficiency or calcium loss, i.e., slight, 
moderate, and severe, represent deviations from the normal. The 
normal in this case was obtained from the bones of two pigs which 
had been fed on balanced rations and were normal in so far as could 
be determined. The results of this tabulation, which represents only a 
few cases, bring out a point observed at autopsy and when examining 
the bones by sectioning and breaking. This is, that apparently a condi- 
tion of halisteresis goes on in some bones more than in others of the 
same individual. For example in Pig g800, the humerus shows a 
severe loss of calcium, the femur and ulna moderate loss, and in the 
scapula, radius, and tibia only slight loss. Pig 9801 shows severe loss 
in the scapula, femur, and tibia, with moderate loss in the humerus, 
ulna, and radius. Pig 9799 shows a slight loss in the ulna, a moderate 
loss in both scapula and humerus, and a normal condition of the radius, 
femur, and tibia. 
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PROTOCOUS 


A few representative field cases are presented in the following 
protocols. They show the conditions under which this disease has been 


observed. 
PROTOCOL 1—REDWOOD COUNTY 


The owner had 4 Duroe-Jersey sows which he said were “down in 
the back.” They were in very poor physical condition. At the time 
of our visit in November, and for several weeks prior they had been 
kept in a small orchard which had been seeded to bluegrass. Their diet 
consisted of a slop feed of ground oats, kitchen refuse, and water in the 
morning, and new corn in the evening. In addition, they could have 
what grass they could get. Each sow was nursing a litter of pigs. 
One was nursing 7 pigs, one, 4, and two, 5. The litters ranged from 
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6 to 8 weeks of age and the pigs were in good physical condition and 
very active. Three of the sows had developed the “down in the back” 
condition after farrowing and the fourth some time before farrowing. 

The following symptoms were observed: temperatures and respira- 
tions normal; visible mucous membranes normal; feces and urine 
voided appeared normal; appetites good. The animals were recumbent 
and unable to get up on their feet unless manually assisted. When 
standing marked flexion at the hock and fetlock joint were observed. 
The posterior parts of the body were thus lowered. Marked flexion 
at the knee joint was also noted. It was painful for the sows to stand 
or walk, and the stride was stiff, short, and jerky. They were sensitive 
to pin pricks. No appreciable swellings, enlargements, or heat was 
noted over any of the palpable articulations. The sows had not moved 
a great distance from the places where they were lying. An area about 
7 or 8 feet in diameter was rooted and dug up around them, represent- 
ing the zone of their travels. No autopsies were obtained. There 
were no other swine on this farm. 


PROTOCOL 2—KANDIYOHI COUNTY 
Nine in a drove of 30 Duroc-Jersey pigs, between 75 and 125 
pounds in weight, were showing typical symptoms of an _osteo- 
arthropathy. They were from 5 to 6 months of age and in poor physi- 
cal condition. They were housed in a dark, unsanitary and poorly 
ventilated shed but were fed out-of-doors. We visited this farm in 
March, 1918. Five of the 9 affected swine assumed a semi-sitting 
posture by extending the pelvic limbs obliquely outward and forward, 
resting on their thighs. They would propel themselves about with the 
thoracic limbs and drag the pelvic limbs. No effort was made to 
stand even if an animal were assisted. Two of the pigs exhibited a 
spastic paralysis of the hind legs. Atrophy of the extensor and_ flexor 
groups of muscles was noticeable. Deformities, such as marked flexion 
at the carpal and metacarpo-phalangeal articulations were observed in 
the remaining 4 pigs. Similar deformities at the tibio-tarsal and meta- 
tarso-phalangeal articulations were noted in 3. There were no appreci- 
able swellings or enlargements at any of the joints: Examinations of 
the circulatory, respiratory, digestive, and genito-urinary systems were 
negative, as far as could be determined. The diet of the pigs consisted 
chiefly of ear corn, water, and a little skimmilk. A little barley or 
oats was fed occasionally. No autopsies were obtained. Inquiry re- 
vealed that some of the affected pigs had been in this condition for 
approximately two months. The owner said that he had seen pigs in 
the same general condition on his farm before, and that, as he re- 
membered, none ever recovered. 
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PROTOCOL 3—WRIGHT COUNTY 


In a drove of 47 swine, 29, or 61 per cent, showed evidence of a 
bone and joint disease. Almost complete loss of control of the hind 
'| legs was readily noted in 18. Most of the pigs assumed a sitting 
__ posture with the feet extended to one side. A few extended the hind 
legs directly backward so that the weight of tiie hind parts would rest 
___ on the dorsal surface of the pelvic limb from a point just below the 
| stifle to the hoof. The hair on these surfaces was rubbed off yet no 
} bruises or injuries of the skin could be observed. The pigs were sensi- 
tive to pin pricks. Muscular atrophy of the thigh and leg muscles was 
noted. No definite joint injury could be determined by clinical 
examination. Quite remarkable was the way in which these pigs would 
move about, using the forelegs to drag or pull themselves forward. 
Four of the affected pigs could not move from their places. These 
__ pigs could not stand up on their feet unless given manual assistance, 
¢ and this caused much pain. The anterior members alone were involved 
in-some cases. The pigs would move about by walking on their knees 
and fixing or immobilizing the shoulder joint. Some were very stiff 
and jerky in their movements. This drove of pigs was between 6 and 
7 months of age. They averaged about 120 pounds in weight, and 
were of mixed breeding. The owner was very much discouraged. 
He had expected that by that time they would have been about 100 
pounds heavier. The disease in some of the pigs had been in progress 
for as long as 3 months. Others were becoming, affected from time 
to time. Their ration consisted of equal parts ground oats and barley 
made into a slop with water and fed in the morning. In the evening 
they received shelled yellow corn. The housing facilities were fair. 
They had the run of a wooded pasture but the foraging was poor at 
this time of the year, April. No deaths were reported and no autopsies 
obtained. 
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PROTOCOL 4—FREEBORN COUNTY 


Eleven pigs on a farm all showed definite clinical symptoms of an 
osteo-arthropathy. They were Duroc-Jerseys, about 6 months of age 
and about 100 pounds in weight. The environment was conducive to 
a mineral deficiency disease. The house and pen in which the animals 
were kept had a solid plank-floor. The pen was about 12 feet square 
and out-of-doors. No other runway and no pasture were available. 
Ground oats and barley were the principal feeds. Some nubbins of 
soft silage corn were thrown into the pen for a few days while the 
silo was being filled: The pigs could not walk. They would move 
about by using the front legs as a fulcrum, dragging the hind _parts 
forward. Marked flexion at the joints was evident. Manipulations 
of the shoulder, elbow, stifle, and hock joints caused them much pain. 
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No appreciable enlargement of these joints was noted. A “wanting” 
expression of the face was clearly recognizable. No other symp‘oms 
were noted. Three weeks had passed since the owner had noticed the 
first signs of the disease. That the pigs were in great need of mineral 
matter was stressed. Bone meal and a teaspoonful of cod liver oil for 
each pig every day, were prescribed. The owner said that he had raised 
pigs in the same way and in the same place for thirty years and never 
before noticed such conditions. It was learned later that he did not 
follow the suggestions as to the use of bone meal and cod liver oil, but 
disposed of the pigs. 


PROTOCOL 5—FREEBORN COUNTY 


Five in a drove of 60 spring pigs showed characteristic symptoms 
of a bone and joint disease. The pigs had the run of a barn yard and 
an adjoining orchard. Their diet consisted of a slop feed of ground 
oats and barley mixed with skimmilk and of ear corn scattered on 
the ground. Four of them could get about fairly well, but the fifth 
could not. The first pig’s symptoms had appeared about a month or 
five weeks previous. The owner said that because they could not 
“keep up” with the rest he separated them from the drove, allowing 
them the run of the farmstead. At the time of our visit these pigs 
were still running about the farmstead and did not show evidence of 
disease. A careftil inspection disclosed the fact that near the farm 
house was a pile of old plaster and a mortar box. The owner said he 
had noticed the pigs eating this material. This indicated that lime was 
one of the elements lacking in their diet and it was suggested that he 
supply all the pigs with this material. At a later date it was learned 
that he had complied with this suggestion and that no new cases 
developed. 

Eight other farms in the immediate vicinity were visited and from 
15 to 65 per cent of the pigs were similarly affected. The local 
veterinarian knew of still other farms in the vicinity where this disease 
existed. 

PROTOCOL 6—WASECA COUNTY 

A disease of swine reported to be quite extensive in this section of 
the state, was investigated in August, 1922. The first drove visited 
consisted of 180 head of purebred Chester-Whites, between the ages of 
4 months and 3 years. About 130 were farrowed in the spring of 
1922. Sixty-nine showed evidence of an osteo-arthropathy. A good 
clinical picture of almost any stage or degree of the disease could be 
observed. The oldest cases had shown symptoms for less than a month 
and the pigs affected were between 5 and 6 months of age. Only three 
of this group were able to move about without much difficulty. A 
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number exhibited marked symptoms of lameness, the stride be:ng short, 
stiff, and jerky. The lameness was apparent in one front leg in some 
cases ; in both front legs in others. In some, one hind leg was involved ; 
in others, both hind legs. Others were lame in both front legs and one 
hind leg, or both hind legs and one front, or in all four legs. Autopsies 
of two of the most severe cases revealed extensive arthritic and osseous 
changes. The joints particularly involved were the shoulder, elbow, 
and stifle joints. The articular cartilages were thin, uneven, and wavy 
or wrinkled, especially those of the head of the humerus and the 
condyles of the femur. The synovial membranes were thickened and 
villous-like proliferations extended into the cavity. Some periarticular 
thickening was apparent. The long bones, humerus, and femur would 
break very easily. The ribs would also bend and break easily. No gross 
changes were noted in any of the thoracic or abdominal viscera. 

These pigs had been fed on ground oats and corn, shorts, and cooked 
barley, mixed into a slop with skimmilk or buttermilk. In addition 
they had access to alfalfa and rape pasture. The pasture was large 
enough and they had plenty of green forage. -It was noted that 
throughout the pasture there were areas where the soil had been rooted 
or dug up by the pigs. As further proof of this the faces of the pigs 
were literally covered with dirt. The owner was contemplating 
“ringing” in order to prevent rooting. Houses, sheds, pens, troughs, 
and feeding floors were exceptionally well constructed and kept in good 
condition and clean. 

A diagnosis of a calcium deficiency disease was made, and the 
owner was advised to supply calcium. Calcium carbonate in the form 
of air-slaked lime, dried and powdered, was added to the ration at the 
rate of 5 pounds to each 100 pounds of feed. A report received the 
following January said that shortly after the treatment was begun, all 


‘but three of the affected pigs made excellent recoveries and no new 


cases developed. 

A next neighbor with 44 purebred Chester-Whites, 13 spring pigs, 
showed well marked clinical symptoms of the same disease. His swine 
were kept under practically the same conditions. The same treatment 
was advised and the results were just as satisfactory. 


PROTOCOL 7—WASECA COUNTY 

There were about 250 purebred Duroc-Jersey swine in this drove, 
of which nearly 200 were spring farrowed. ‘There were no clinical 
cases of an osteo-arthropathy among any of the swine at the time of 
the visit and the owner said he never had had a hog which showed 
symptoms such as we described. Inquiry revealed that the diet of 
these swine consisted essentially of the same foodstuffs as those re- 
ferred to in the preceding protocol, with the addition of ground bone. 
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The pigs ate considerable amounts of this material. An interesting and 
striking observation was that the pastures were not rooted or dug up 
by the pigs and none of the animals wore rings. A report from this 
farm the following January showed that no cases ever developed. 


PROTOCOL 8—LINCOLN COUNTY 

This drove of swine seen in May consisted of approximately 300 
head of Poland-Chinas. Some were purebred, others grades. Thirty 
were winter farrowed (in November and December). Nearly 60 
per cent of these showed symptoms of a bone and joint disease. The 
owner said some of them were “weak in the legs” before weaning. He 
attributed this to the unfavorable season for farrowing, saying that 
the sows were poor “milkers” and that the pigs were usually small 
when born. Seven yearling gilts also showed symptoms of. stiffness 
and lameness. When forced to get up they would walk a short dis- 
tance and lie down again. These gilts had all nursed litters’ earlier in 
the spring. The owner was feeding his entire herd of 300, a mixture 
of corn, oats, and barley, self-fed in three large hoppers and tankage 
from a separate hopper. A sufficient supply of water apparently was 
provided. No special provisions were made to take care of the crippled 
pigs. No autopsies were obtained. The owner was advised to supply 
a liberal amount of bone meal and keep it before the pigs at all times. 
Better pasture facilities were also suggested. This he agreed to. No 
further word was ever received from him. 


PROTOCOL 9—DAKOTA COUNTY 

Eighteen fall gilts with well marked cases of a mineral deficiency 
disease were found on this farm. Akinesia algera was evident in most 
of them and it involved all four legs. Some of the pigs were able to 
move about, but with much pain. The humeri in two pigs were frac- 
tured, and the tibia and fibula in-a third: The fractures we believe 
were the result of rough handling on the part of the caretakers. A 
disease of this kind lends itself to such injuries quite readily. It was 
learned that most of these pigs had shown symptoms for as long as 
two months. None of those affected improved and none died. A 
post-mortem on two of the affected pigs revealed marked arthritic and 
osseous changes. The skin and hair coats were harsh, coarse, and 
rough. The body was emaciated. The muscles of the legs were 
atrophied, firm, and dark in color. There was a periarticular fibrous 
thickening about the shoulder joint. The synovial membrane was 
hemorrhagic and thickened, especially that part attached to the humerus. 
The articular cartilages were uneven and wrinkled, and some erosive 
changes were observed. The articular cartilage of the elbow joint was 
also wrinkled and very thin, especially over the contact parts. One 
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could force the knife into the ends of the long bones very easily, and 
the bones were easy to saw through. The frontal bones of one of the 
pigs seemed to be thicker than normal. No gross lesions were found 
in the thoracic or abdominal organs. 

Besides the 18 affected pigs there were 52 pigs of approximately 
the same age. There was no evidence of disease in these pigs. All 
pigs on this place were purebred Hampshires. Their diet consisted 
mainly of soaked corn, oats, and barley, much of which had been 
scorched and burned in an elevator fire. A small amount of semi-solid 
buttermilk was also fed. Pasture was not available. Calcium carbonate 
was suggested as a mineral constituent which was to be supplied 
regularly. The suggestion was carried out and the owner later informed 
us that seven pigs made suitable recoveries or were at least marke‘able, 
and no new cases developed. 


PROTOCOL to—ROCK COUNTY 

Eleven in a drove of 78 grade and crossbred swine were in such a 
crippled condition that it was almost impossible for them to move about. 
They were housed in a straw shed with a board floor and had the run- 
way of a barnyard where a few thin milk cows and several horses 
were kept. Ground corn, red dog flour, oil meal, and a commercial 
stock food were mixed into a slop and fed to them in the morning. 
Yellow ear corn was scattered on the ground at the evening feeding. 
All affected pigs were born the previous October and were 6 months 
of age. The first signs of stiffness or lameness had. been observed about 
6 weeks before. As the owner put it, “first one, then another, then 
another, etc., developed the disease.”” The symptoms and post-mortem 
findings were similar to those already described. Disposal of the most 
severely affected pigs was advised, and bone meal and cod liver oil were 
prescribed for those. to be kept. A report was received from this man 
about 4 months later expressing his satisfaction with the results obtained. 


PROTOCOL 11—RAMSEY AND HENNEPIN COUNTIES 

This protocol covers conditions found on a group of farms where 
the principal foodstuff of the swine consisted of garbage. Knowledge 
concerning the conditions on these farms was based on several years’ 
acquaintance. On some of the places only about 50 head of swine 
are kept; on others as many as 500. As a general rule the swine are 
kept under “dry lot” conditions, pastures being available on only a few 
farms. The facilities for feeding and housing ranged from very good 
to very poor. Some feeders “finished off” their swine on cereal grains, 
others never fed anything but garbage. It is the practice on some of 
the places to. purchase feeder pigs (pigs weighing from 60 to 110 
pounds) and feed them out, while others raise their own. We have 
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never seen or heard of a disease characteristic of an osteo-arthropathy 
on any of these farms. This is not surprising when one considers the 
variety of foodstuffs represented in garbage. It should carry some 
of all of the elements necessary in nutrition. 


DISCUSSION 


In literature on hog-raising, one can find descriptions of and refer- 
ences to a disease in many respects similar to that described. The agree- 
ment of these reports has to do chiefly with the clinical manifestations 
or symptoms. The morbid anatomy, both gross and microscopic, tho 
not agreeing in all points, nevertheless shows that certain bone changes 
are more or less alike. The differences are mostly those which indicate 
osteoporotic changes as one extreme and rachitic changes as the other. 
However, an admixture of changes characterizing both osteoporosis 
and rickets are more often observed. ‘The pathology of diseases of 
this nature is not specific. It is, however, receiving much study at the 
present time. 

Rather close agreement is found as to etiology. We refer to the 
fact that the disease is one of trophic rather than of microbian origin. 
The specific nutritive elements concerned and their relation to one an- 
other as causative agencies, are matters upon which there are differ- 
ences of opinion. 

Goldberg, Maynard, Williams, and Christy (5) stress the impor- 
tance of the addition of cod liver oil or alfalfa hay to the ration as 
factors favoring the prevention and cure of swine affected by “posterior 
paralysis.” In one experiment their basal ration consisted of yellow 
hominy, 200 parts; standard wheat middlings, 100 parts; casein 4.5 
parts, mixed into a slop with an equal weight of skimmilk, raw in some 
instances, pasteurized in others, Pigs fed this ration became stiff and 
lame. When the condition had progressed to a point which it was 
thought characterized the disease (posterior paralysis), some were 
destroyed for examination, others used to test a cure. One was cured 
by adding cod liver oil to the ration. A more interesting result was 
the fact that similar clinical and pathological changes were observed 
in pigs receiving as a supplement to the basal ration, a mineral mixture 
(equal parts of calcium carbonate and bone meal) equivalent to 2.5 
per cent of the ration. Two of the affected pigs in this group were 
restored to health after adding alfalfa hay to the ration. 

In another experiment a group of nine pigs was fed a ration com- 
posed of yellow hominy, cottonseed meal, middlings, molasses, calcium 
carbonate, and bone phosphorus. Within two months all were stiff. 
Four were killed and examined. They showed definite bone changes. 
The remaining pigs for five days received in addition to their regular 
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diet, 30 spoonfuls of tomato juice. After this period alfalfa hay at the 
rate of .5 per cent of the ration was fed. This line of treatment was 
not begun until all the pigs were in the very late stages of the disease. 
Within two months from the beginning of the treatment the pigs re- 
turned to normal condition.. Minerals were fed ad libitum it is said, 
“Dut the pigs appeared to have made marked improvement before these 
minerals were consumed at all.” 

In a study of the factors responsible for rickets or partial paralysis 
in swine, Bohstedt, Bethke, Edgington, and Robinson (6) in Ohio, 
fed a large group of pigs, ground white corn, wheat flour middlings, 
linseed meal, blood meal, and salt as the basal ration. This was supple- 
mented with minerals (calcium carbonate, disodium phosphate, and 
precipitated bone flour), protein (casein) and Vitamin A (cod liver oil, 
whole and aerated). These supplements were fed alone with the basal 
ration or in combination. The experiment included to lots of 8 Pigs 
each, and continued for a period of 160 days. 

Their report shows that 31/4 per cent of the pigs died. The experi- 
menters say that death was “due to rickets, respiratory trouble, or the 
effects of deficient rations generally.” In all but one case the deaths 
occurred in the lots not receiving additional vitamins. Lameness was 
not observed in any of the pigs which received cod liver oil. One case 
occurred in each lot receiving mineral or protein supplements. Three 
cases developed in the lot receiving only the basal ration. 

The results of the experimental feeding trials at the Minnesota 
Station indicate that calcium is a very significant factor in connection 
with the etiology of the disease here reported. 

Rations low in calcium but carrying a good supply of Vitamin A 
were fed to 50 head of swine. Of this number, 25, or 50 per cent, 
developed a clinical syndrome characteristic of a bone and joint disease, 
A difference in the degree of severity of the symptom complex was 
observed in the affected pigs. The earliest indication of disease oc- 
curred on the twenty-fifth day in one case. In another case the first 
symptoms were not noted until the ninety-second day. Symptoms in 
the other cases appeared between these two extremes. 

When it is remembered that the average weight of the pigs at 
the beginning of the feeding’ trial was 87.22 pounds per head and that 
the age varied between 4 and 6 months, then 50 per cent of “takes” 
is a large number. It might reasonably be thought that if the pigs 
had been younger and less mature, a greater number of cases would 
have developed. Under field conditions, the disease was found to occur 
most often in pigs weighing between 60 and 125 pounds. More of 
the pigs weighed nearer the former figure than the latter. In some 
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instances pigs weighing about 30 pounds showed typical symptoms of 
the disease. Heavier swine were also affected. ° 

Another significant fact pointing to the .rdle calcium plays in rela- 
tion to this disease, is that none of the pigs receiving calcium car- 
bonate, equal to 2 per cent of the ration, developed an osteo-arthropathy. 
In all there were 25 pigs which received this supplement. In this 
connection attention is again called to Protocols 6 and 7. These offer 
a striking example, showing the results of the use of an additional 
mineral supplement in the dietary. Other similar cases could be cited. 

Elliot, Crichton, and Orr (7) reporting upon some of their work 
in connection with “Rickets in Pigs” obtained results similar to those 
of the Minnesota Station. They fed various diets to several lots of 
swine. One of the rations was exceptionally low in inorganic matter 
but carried an abundance of the Vitamins A, B, and C. Within 60 
days from the beginning of the trial the pigs showed marked evidence 
of malnutrition. They moved about with very stiff and stilty strides. 
Another group which received the same ration plus inorganic matter, 
consisting chiefly of calcium salts, did not show such symptoms. The 
pigs of this group grew and increased in weight at a rate which was 
50 per cent better than those in the first lot. 

A ration which was poor in both protein and minerals constituted 
the basal ration ef the same experimenters in a second trial. One 
lot of four pigs received this ration. For a second lot protein only 
was supplemented. A mineral mixture plus the basal diet was fed 
to a third group, and a fourth group received both protein and mineral 
matter. The results were quite striking. No manifestation of dis- 
ease (rickets) was observed in the pigs receiving the salt mixture as 
part of their diet. On the other hand rickets developed in those not 
receiving the salt mixture. 

Reports of investigations of nutritional studies or feeding trials 
with swine, often contain sections or paragraphs describing certain 
clinical manifestations or disease. Stiffness of gait, lameness, or 
paralysis are the phenomena which particularly characterize the disease. 
Many of the reports contain nothing more than a record of such 
symptoms. Others describe in a little more detail certain factors in 
the disease. In this connection some of the early work of Hart, 
McCollum, and Fuller (8) is of interest. One of the rations they 
were feeding a group of swine, carried phosphorus at a very low 
level. In fact, it supplied only 1.12 grams of phosphorus per pig per 
day. It consisted of rice, wheat gluten, and bran, plus a mixture of 
sugar, sodium chloride, magnesium chloride, and potassium sulphate. 

One pig receiving this diet showed the first signs of stiffness on 
the thirty-third day. The stiffness occurred in the hind legs and 
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resulted in partial loss of control. Within a few days the two other 
animals of the lot showed similar symptoms. The symptoms became 
more severe, and later the pigs were totally disabled and could not 
move about. The authors state that “when standing, the hind limbs 
assumed an oblique position,.the hind feet resting far beneath the body 
and near the fore feet. One animal in this lot entirely lost the power 
of sustaining its hind quarters.” Similar syndrome occurred in a sec- 
ond lot of pigs which were fed the same ration, but at a later date. 
A small outside pen (free from vegetation) was provided for the 
latter group. This afforded opportunity for exercise, a point which 
the authors thought might have been a factor in connection with the 
development of the stiffness. 

Gross examinations of some of the long bones from these animals 
showed that they were of a looser texture than those from normal 
swine. They were more spongy and their breaking strengths were 
lessened. The writers note that the bones indicated severe osteo- 
porosis. Bones from swine fed a ration carrying sufficient amounts of 
calcium phosphate did not show such characteristics. Neither did the 
latter show any of the clinical symptoms described. 

Another very interesting example of a paretic-like disease of swine 
was observed in connection with certain feeding experiments at the 
experimental farms, Agassiz, Canada. A large number of pigs were 
fed rice meal to compare its feeding value with that of more standard 
condiments. Rice meal, skimmilk, and mangels constituted the basal 
ration in these trials. This was supplemented with wheat shorts, oats, 
barley, peas, ground alfalfa, potatoes, and dried blood, in various com- 
binations. P.H. Moore (9) when reporting the results of these trials, 
emphasizes the fact that in every instance in which rice meal was fed 
as a part of the diet, the hair coats of the pigs became rough and that 
later, symptoms of stiffness and lameness were evident. The first signs 
of stiffness occurred as a rule about the fiftieth day. Two pigs, how- 
ever, showed such symptoms at about the thirtieth day. None of the 
pigs receiving diets in which no rice meal was used ever showed signs 
of stiffness, lameness, or roughened hair coats. 

Hadwen (10) reporting upon these pigs from the standpoint of 
a clinician and pathologist, notes that a painful lameness developing 
very suddenly and a wild staring expression of the face are character- 
istic symptoms. In reference to this he says: “A pig that had been 
quite active in the evening would be lame the following morning,”— 
with a “wild staring facial expression with the eyes nearly popping 
from the sockets.” The character of the lameness or of the posture 
assumed when standing or walking is not described in detail. From 
the attitude assumed by affected pigs (deductions of the writer from 
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photographic plates), it would appear that the animals were endeavor- 
ing to fix the position of the legs when in a standing position and then 
allow the axial skeleton to decline backward and downward. The 
front feet are placed farther forward than normally as are also the 
posterior feet. The lowered sacrum results in a marked flexion at 
the hock and fetlock joints, and thus the long axis of the metatarsus 
approaches a horizontal more nearly than a vertical plane. Hadwen 
also speaks of heart attacks as a frequent symptom in many of the 
affected swine. These were characterized by heavy breathing for a 
short period followed by loss of breath, and a stiffening out as if the 
animals were going to die. Such attacks were of short duration. They 
occurred in some pigs as many as two or three times in a single day. 
Some of the affected pigs were killed. A post-mortem showed no 
changes in any of the viscera. The bones were very soft and could 
be cut easily with a knife. No further descriptions were included. 
Since an osteogenic weakness was the particular manifestation and 
since it was known that rice meal is deficient in phosphorus, the idea 
was put forth that therein was a possible explanation for the disease. 
The idea that rice meal contained substances of a toxic nature was 
largely abandoned. 

In the light of present knowledge, these deductions were largely 
correct. In fact, many experiments with laboratory animals, also with 
some of the larger animals, show that a disease manifested by marked 
osseous changes can be induced by feeding diets low in phosphorus. 
Phosphorus combined with calcium and magnesium forms about 86.5 
per cent of the inorganic materials of the bones, calcium phosphate 
representing 85 per cent and magnesium phosphate 1.5 per cent. The 
relation of calcium to phosphoric acid in bone, according to Mathews 
(11) is 10 Ca: 6 PO,. This denotes the importance of phosphorus as 
a mineral constituent of bone.. 

The results of Moore’s (9) experiments add much ground for belief 
in the inorganic deficiency of the ration as a causative factor in the 
bone and joint disease described in this paper. The rations Moore 
fed carried phosphorus at a lower level than do most swine diets. It 
is regretted that a more detailed description of the pathology of their 
cases was not included. However, it was clearly recognized that a 
condition which presented abnormal osseous changes was being dealt 
with. 

Wehrbein (12) in 1916 described a disease of swine characterized 
by paralysis, which he said was becoming more and more frequent 
among pigs in lowa. The fact that the symptoms presented by affected 
pigs were such as might characterize paresis, caused him to direct, his 
investigations towards the nervous tissue. The work was confined 
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principally to the examination of the sciatic and axillary nerve trunks. 
Nerves from the axillary region were examined from cases in which 
paralysis occurred in the front legs. The lesion observed was charac- 
teristic of degeneration, which gave rise to the designation “Poly- 
neuritis parenchymatosa.” 

We have examined microscopically, sections from the axillary, 
radial, ulnar, femoral, muscular branches of the sciatic and tibial nerves 
from five of the pigs used in our experiments and from some field 


- cases, and have found changes identical with those described by Wehr- 


bein. In one of our cases, Pig 9889, Diet 1, Lot XI, with complete 
cessation of locomotion, it was interesting to note that not all of the 
fasciculi in a nerve trunk showed evidences of degeneration. A sec- 
tion from the femoral nerve showed a group of fasciculi which ap- 
peared normal, then another group in which some degenerated fibers 
occurred, another group in which more fibers were degenerated, and 
still others in which nearly all of the fibers were involved. In another 
case, Pig 9757, Diet 3, Lot IV, a pig which had shown definite symp- 
toms of an osteo-arthropathy, but in which the symptoms had not 
become severe, a section from the axillary nerve showed some de- 
generating fibers in all of the fasciculi. The section from the tibial 
nerve in this case showed many normal fasciculi and some in which 
the fibers were degenerating. These neurologic changes we believe 
to be the result of a suspension of functional activity and not a primary 
lesion. It should also be stated that in the cases just mentioned, there 
was macroscopic evidence of muscular atrophy, i.e., in the muscles of 
the limbs. 

Wehrbein points out that nothing of importance was revealed by 
gross examinations of the viscera. The spinal cord, nerves and their 
coverings did not show gross changes. And further he says “Careful 
examinations of the bones were made, as we had reason to believe that 
the disease in question is related to rickets, but without result.” The 
coxo-femoral joint was examined. The teres ligament was swollen at 
its proximal insertion in some cases. The joint cavity was often filled 
with blood. Such changes, however, were observed in normal swine 
which had been handled roughly before killing. He mentions the fact 
that both rachitis and “paralysis” have been observed in the same 
animal and that it is often difficult to differentiate between the two 
macroscopically. The symptoms he describes are very similar to those 
we have observed and are presented elsewhere in this paper. He re- 
ports that the disease usually occurred in pigs less than six months of 
age and usually from the same litter, tho sows showing definite para- 
lytic symptoms were observed. This occurred after parturition in the 
sows and was believed to be a disease different from that reported. 
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Our observations coincide with Wehrbein’s in so far as the disease was 
observed in younger swine more often; that is, in pigs from six to 
seven months of age or less. We have further observed that the dis- 
ease existed more often among pigs born in the fall and then pen fed 
through the winter than in pigs farrowed in the spring or the early 
summer. Accurate records were not available, so that we could de- 
termine the genetic relationship between affected or nonaffected pigs 
in the droves investigated, but we are of the opinion that familiar 
heritance does not exist. Familiar susceptibility, on the other hand, 
may, and possibly does, exist, not by any genetic influences but through 
environmental trophic conditions. It is not uncommon to find nursing 
sows exhibiting typical symptoms of an osteo-arthropathy without any 
of the offspring being affected. In a statement concerning the cause 
of “polyneuritis parenchymatosa’’ Wehrbein points out that infections 
and food intoxications can be safely disregarded but attributes the 
disease largely to hereditary dispositions and tendencies. 

At Cornell University, Maynard, Goldberg, and Miller (13) have 
been investigating a disease in swine which they designate as “stiff- 
ness.” Their report covers four trials, in which they used 95 pigs. 
Thirty-two per cent of the pigs receiving rations particularly low 
in calcium developed “stiffness.” This is 18 per cent less than the 
number developing a similar condition in the experiments conducted 
at the Minnesota Station. The ration used at this station, however, 
was even more restricted in the amount of calcium supplied. Another 
interesting point of difference between the results obtained at the 
Minnesota Station and those at Cornell is the fact that none of the 
pigs receiving rations to which calcium was added at the former 
institution, developed clinical manifestations, such as showing evidence 
of stiffness or lameness; while 13 per cent of those receiving rations 
having an “ample” supply of calcium did show evidence of stiffness 
in the Cornell trials. In partial explanation (Maynard, et al.) note 
that the trial was conducted in the winter months when the pigs were 
stabled. Full benefit of sunshine was not therefore afforded. Also note 
that a correlation on an ancestral basis existed between the pigs which 
developed the stiffness and the fact that they were born from sows 
which varied in bone condition and vigor. These men believe that 
the trouble (stiffness) is not caused by a mere lack of calcium but 
that adequate mineral nutrition depends upon assimilation as well. That 
assimilation is enhanced was brought out by the fact that when some 
of the pigs which developed stiffness on diets supplying minerals were 
given 10 cubic centimeters of cod liver oil daily, they soon showed 
improvement and some returned to normal. 
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The results obtained by these workers in regard to the production 
of the disease and with its prevention, agree favorably with the re- 
sults obtained in these laboratories. That the lesions are principally 
confined to the long bones, together with lesions at their articulations, 
is another point of similarity. An extensive study of the microscopic 
changes in the affected bones was made by them with the result that 
they too found various pathological manifestations, some which were 
characteristic of those described for rickets in small animals; others 
which might be osteoporotic and in some changes somewhat char- 
acteristic of scurvy. 


CONCLUSIONS 


I. There occurs in swine a disease of the bones and joints—an 
osteo-arthropathy. 

2. This disease belongs to the group of trophic diseases. It is a 
deficiency disease. 

3. A lack of calcium is closely associated, or may be the limiting 
factor, in the role as the causative agent. Swine fed rations which 
supplied calcium at a low ievel developed typical cases of bone and 
joint disease. 

4. Calcium carbonate (lime, slaked, dried, and then pulverized) 
when added to the ration at the rate of 2 per cent, apparently supplied 
the deficiency. None of the pigs receiving it developed the disease. 

5. Stiffness, lameness, and later loss of function are characteristic 
symptoms of the disease. The stiffness and lameness may occur in 
but one, two, three, or in all four legs. 

6. The typical pathologic changes occur principally in the long 
bones and in the articulations between them. The degree or extent 
of the morbid change may not be uniform in all the bones of the 
limbs or in any single bone. This also applies to the articulations. 
Thus it is imperative that all the diarthrodial joints of the limbs, be- 
ginning with the knee and hock and including those proximal to them, 
should be inspected when examining a patient or cadaver. 

7. Because of the irregularity of the histologic changes in the bones 
we have studied, it was not considered advisable to adopt a specific 
nomenclature. In some cases the lesion was quite typical of rickets; 
in others of osteomalacia, ard in some of atrophy. There were others 
that showed changes suggestive of an admixture of rickets, osteo- 
malacia, and atrophy. For these reasons and such as have been men-_ 
tioned before we are calling attention to a disease of the bones and 
joints—an osteo-arthropathy—of swine. 
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Fig. 1. Pig 9769 
This shows a stage of the disease in which there is loss of motor function (akinesia 
algera). Note how the pig has rooted and torn up the soil, indicating that it is trying to get 
something from the soil to satisfy a deficiency in its food supply. 
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Fig. 2. Pig 9779 
This figure shows an early stage of the disease in which the anterior limbs are involved. 
Note the volar flexion at the right carpus and the slope of the phalanges and also the slight 
atrophy of the muscles in the region of the arm. 
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Fig. 3. Pig 9889 


This represents a characteristic standing position of many pigs affecied with an o teo- 
arthropathy, The feet are placed farther under the body, the hind parts lowered, and there 
is marked flexion at the hock joint and the knee joint. 


Fig. 4. Pig. 9837 
This is typical of a position often assumed by pigs affected with a bone and joint 
disease. The hind legs are extended forward and outward. 
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Fig. 5. Representing a Clinical Picture Typical of Rickets 


Note the enlargements of the facial bones, the bowing or bent radius, and the position 
of the hind feet. The spinal column shows marked lordosis. This animal was brought to 
| the laboratory for diagnosis. Compare with Figure 2. 
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; Hig. 6. Small Pig, 25 Pounds in Weight 


The pig is\ nearly four months old and shows typical symptoms of a bone and joint 
disease. 


Fig. 7. Articular Surface of the Scapula, Pig 9781 

This shows very clearly the extensive erosions, depressions, and pits in the articular 
cartilage, the thickened synovial layer of the capsule with its swollen villi, and the thick 
fibrous periarticular tissue. 


Fig. 8. Distal Extremity of Humerus, Pig 9781 


The surface of the cartilage is very uneven and wrinkled, especially in the sagittal 
groove of the medial condyle. The lateral condyle is normal. 
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Fig. 9. Proximal Extremity of the Humerus, Pig 9889 


Marked wrinkling and crevices in the cartilage are very distinct. The cartilage was 
very uneven and rough and a deep erosive lesion is apparent. 
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Fig. 10. Longitudinal Section of the Left Femur, Pig 9765 


This shows the marked periosteal and subperiosteal thickening at the proximal third of 
the shaft. This is mostly osteoid tissue. The compact substance of the shaft in this region 
is very thin. There _is an increased amount of fibrous periosteal tissue as shown by the 
white line. Cavernous hemorrhagic and cryst-like formations can be seen at the proximal 


metaphysis. 
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Fig. 11. Secticn of Shaft of Femur, Pig 9765 (Photomicrograph) 


Irregular areas of osteoid and a few bony spicules, between which are a great number 
of undifferentiated fibroblasts and much fibrin. 


Fig. 12. Section from the Periosteal Thickening, Pig 9765 (Photom‘crograph) 


This shows the wide osteoid trabeculae in which groups or nests of osteoid cells occur. 
A few osteoblasts are situated about some of the trabeculae. 


} 45 


Fig. 13. Section from Proximal Metaphysis of Femur, Pig 9769 (Photomicrograph) 


This shows a very irregular epiphyseal cartilage. The columns of cartilage cells in some 


places are also very irregular. 


A rather wide layer of osteoid is in close proximity. 


4 


Fig. 14. Left Fore Leg, Pig 9799 (Roentgenograph) 

A conyex shadow situated about midway of the posterior border of the scapula marks 
am area of periosteal thickening. The slightly uneven contour of the border of the glenoid 
cavity indicates a roughened) cartilage. There is another area of periosteal thickening on the 
anterior surface and near the distal extremity of the humerus. The scapula and humerus 
show evidence of moderate calcium loss, the radius slight loss; the ulna is, normal. (The 
negatives are better adapted for these studies.) See Chart 1. 
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PLUM INVESTIGATIONS II: THE INHERITANCE 
OF HARDINESS 


By M. J. Dorsey, Chief of Pomology, Illinois Agricultural Experiment 
Station, and JoHN BusHNELL, Assistant Horticulturist, 
Ohio Agricultural Experiment Station? 


INTRODUCTION 


In the fruit breeding investigations at the University of Minnesota 
Fruit Breeding Farm, an attempt has been made to develop hardy 
varieties of plums with commercial qualities of fruit. Since hardi- 
ness is- the limiting factor, the general point of attack has been to 
cross hardy native varieties with tender or semihardy varieties of other 
species having the desired fruit characters. A large number of variety 
and interspecies crosses of Prunus have been made during the work on 
this project. The inheritance of hardiness in these has: been studied 
by examining each seedling for the extent of winter injury and then 
classifying them on the basis of the severity of this injury. The data 
obtained from a detailed study of available material at the Minnesota 
Fruit Breeding Farm during the winter of 1917-18 constitute the 


_ basis of this report. 


The general hardiness problem, particularly in its horticultural 
aspects, is a subject that has been given considerable attention. It 
has frequently been pointed out in the horticultural literature that in 
collections of fruit varieties there are conspicuous differences in the 
degree and localization of winter injury in different parts of a tree, 
as well as among the different individuals. However, as pointed out 
by Dorsey and Bushnell (1920) no cultural methods or protective 
treatments have been developed which have proved adequate to prevent 
serious injury when a variety is grown too far north of its normal 
range. The origination of hardy varieties by breeding appears to be 
the most effective method at hand of extending fruit-growing north- 
ward, as is well illustrated by the improved hardy varieties which are 
being introduced from the plant breeding stations in Canada and the 
northern states. 


-17The data upon which this bulletin is based were secured by the authors while con- 
nected wtih the Minnesota Agricultural Experiment Station. Most of the data were secured 
in the “test winter’ of 1917-18 which was unusually severe. Preparation of the manu- 
script was delayed with a view to gaining supporting data and observations. The mass of 
material to be handled and the comparisons made consumed more time than was expected. 
The severance of connections and the removal of both of the authors to other institutions 
were the final factors in so long delaying the publication. 
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As yet, the literature on the genetic phases of hardiness is relatively 
meager. The work of Hansen (1903, 1904, 1906, 1908, and I9II) in 
South Dakota, Patten in Iowa, and a.number of other breeders such 
as Williams in Nebraska, has demonstrated that hardy varieties can 
be obtained from interspecies hybrids when the parents differ in hardi- 
ness. This principle has also been recognized in the experiments at 
the Central Experimental Farm in Canada by Saunders (1894, 1896, 
1902, and 1911) and Macoun (1808, 1899, 1900, 1906, 1908, and 1909) 
in the breeding investigations with the apple and other fruits. Han- 
sen’s work was among the first attempts with the plum, and he 
has produced a number of varieties which have proved of value in the 
northern Great Plains. These have been secured largely from crosses 
between Prunus triflorat and P. americana or P. besseyi. Some investi- 
gations with material other than plums will be of interest in this con- 
nection. Data published by Chandler (1913) show that gradations 
in hardiness occur in open pollinated peach seedlings, when classified 
according to the percentage of buds killed. Nilsson-Ehle (1911 and 
1912) found that winter hardiness in wheat segregates in the F,, and 
that types can be produced in later generations which are homozygous 
for varying degrees of winter hardiness. 

This investigation, therefore, is primarily a study of the effect of 
a given set of conditions upon a population in Prunus, representing 
many different lines of descent and many different genetic combinations. 
The heterozygous condition of these seedlings is shown by comparing 
the great variation in injury with that of an equal number of indi- 
viduals of a single variety which respond similarly. The interest of 
the plum breeder who is concerned with the development of hardy 
varieties will center around those lines of descent which have given 
rise to hardy individuals of greatest commercial promise, as well as 
in the methods employed in this study. 


MATERIALS 


Since the varieties of the species used\in plum breeding at the Min- 
nesota Fruit Breeding Farm are generally self-sterile, this report is 
necessarily based upon F, progeny. The parents of the hybrids under 
observation during the winter of 1917-18 were from five species, cover- 
ing a wide range in hardiness, fruit, and tree characters. As the plums 
have been carefully described by Hedrick et al. (1911), the parents used 
need merely be listed here with a brief statement of their hardiness. 

The varieties of P. americana are generally hardy in Minnesota. 
In some localities they show slight browning or injury to the terminal 
buds, but this has not often occurred at the Fruit Breeding Farm, 


1P. triflora is the same as P. salicina Lindley. 


\ 
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except when cultural conditions induced late growth. The varieties 
selected as having the greatest promise as parents were Ames, De Soto, 
Howard Yellow, Jewell, South Dakota 22, 23, and 33, Topa, Wastica, 
Wolf (freestone), Wyant, and a native unnamed seedling, referred to 
in the tables as “P. americana.’ 

A single variety of P. nigra, Winnipeg, selected from seed collected 
near Winnipeg, Manitoba, was used. This variety has been one of 
the hardiest of the plum collection. 

The Sand Cherry, P. besseyi, was originally collected in South 
Dakota, along the Missouri River near Pierre, by N. E. Hansen of the 
South Dakota Agricultural Experiment Station. Seedlings from this 
source have been semihardy at the Fruit Breeding Farm. The hybrids 
with the Sand Cherry, as Compass and Opata, have also shown slight 
injury during average winters. 

The varieties of P. triflora which were used as parents are tender 
in Minnesota when unprotected. Burbank, Earliest of All, Red June, 
Santa Rosa, and Satsuma were used with the hope of getting greater 
firmness of flesh and greater persistence when ripe. The P. triflora 
hybrids introduced by Burbank, such as America, Climax, First, 
Formosa, Gold, and Shiro, having largely the characteristics of 
P. triflora, are as tender as the pure varieties. They were selected for 
parents primarily because of their fruit size and desirable characters 
of flesh. On the other hand, the P. americana X P. triflora hybrids, 
Winona, Bursota, Stella, Wakapa, and Wohonka, which have also 
been used extensively, have been sufficiently hardy to endure the Min- 
nesota winter conditions at the Fruit Breeding Farm, but with much 
flower bud killing. 

None of the plants of P. pissardi has withstood the Minnesota 
winters when grown in the open. 

The crosses were made in 1911 and 1912 by Charles Haralson, 
on trees growing in tubs in the greenhouses. Greenhouse pollination 


is more successful in most seasons than outdoor crossing, because 


unfavorable weather so frequently prevails at the blooming period. At 
the time of the “test winter” of 1917-18, the trees from the I9II crosses 
were six years old from seed and those from the crosses of 1912 a year 
younger. The plots have been cultivated from the first without a cover 
crop. The soil is a dark rich loam, and the trees have made good 


' growth each season altho some of the seedlings have matured late. 


The plots have no appreciable protection by windbreaks or topography. 
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WINTER OF 1917-18 


Individual trees were examined for evidence of winter injury in the 
spring of 1916, again in 1917, and finally at the close of the winter 
of 1917-18. The winter of 1917-18 has been called by horticulturists 
a “test winter” because of the widespread and severe injury to fruit 
trees. At the Fruit Breeding Farm the injury from this test winter 
was so much more pronounced and so much more readily measured 
than in the previous years that the comparative hardiness of the seed- 
lings has been based largely upon their reaction to the conditions of 
this winter. 

The temperature and precipitation record of 1917-18, together with 
records of the preceding winter, are shown in Figure 1. The graphs 
were made from records of the Minneapolis Weather Bureau, the 
nearest point at which weather records are taken. The temperature 
curves, made from hourly readings, show relatively accurately the daily 
fluctuations and daily extremes, as well as periods above and below 
the freezing points. 

The record of 1916-17 is included, for in many respects it was very 
similar to the test winter, yet trees survived 1916-17 to be injured 
during 1917-18. In comparing the two winters, it may be noted that 
the minimum temperature was the same both years, reaching —25°F. 
The periods below freezing were more prolonged and of lower temper- 
ature in 1916-17 than in 1917-18. Both years were characterized by a 
deficiency of precipitation during the fall and early winter. In 1916-17 
there was snow protection after the middle of December, but during 
1917-18 there was very little snow until the middle of February. 

The features which may have been responsible for the excessive 
injury in rgr7-18 are pointed out on the graph. The freeze on October 5 
12, when the thermometer reached 22°F, was not abnormal of itself, F 
but the season of 1917 had’ begun late the previous spring and the — 
growing season had been shifted so that the trees were not ripened and ~ 
dormant.as they usually are in early October. However, no injury - 
could be detected immediately after this freeze; no direct evidence — 
was collected that an unusual degree of injury had occured. On the © 
other hand, during the alternate periods of thawing and freezing in 
February and March the discoloration of the wood and the killing 
of the buds was very evident and was carefully recorded. This injury ~ 
in the late winter was probably associated with the break in the rest — 
period, and it may be noted that this break! occurred as early as Febru- | 
ary in spite of the fact that the rest period started late the preceding 
fall. 
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To summarize the significant features of the test winter of 1917-18, 
four things stand out: (1) the lateness of the previous growing season ; 
(2) the dry soil in the fall and light snowfall during the winter; (3) 
the freeze in October; and (4) the alternate periods of thawing and 
freezing in February and March. 


TYPES OF WINTER INJURY 


Following the winter of 1917-18 the most conspicuous and most 
readily measured type of injury in the plum hybrids under observation 
was the killing back of the twigs and branches. It was found, how- 
ever, in many trees in which this type of injury was not appreciable 
that the wood and bark were seriously browned or that a large per- 
centage of the buds were dead. In attempting to classify the hybrids 
no single category seemed adequate; so in tabulating the data the 
progeny have been classified under three distinct headings: (1) the 
killing back; (2) the discoloration of the wood; and (3) the percent- 
age of flower buds killed. 


WINTER KILLING 


During the four years the seedlings were in the field, prior to the 
first critical examination in 1916, 366 of the 1322 original trees died. 
The mortality due to accidents of cultivation was light, consequently 
the greater part were winter killed by the relatively mild winters prior 
to 1916. The trees eliminated in this way were undoubtedly the most 
tender individuals of the crosses. During the test wmter 49 more 
were killed, 59 were killed back to the ground but sprouted later from 
the roots, and 74 were killed to within a foot or two of the ground. 
The latter are considered as killed back to the line of snow protection. 


KILLING BACK OF TWIGS 


The average degree of killing of the twigs and branches of the 
individual trees was readily estimated and together with the more 
severe killing back of the entire tree, gives a convenient and logical — 
basis for classification of the entire progeny. The killing of the 
terminal bud has been included under this general type of injury, for 
it appears to be more closely correlated with injury to the tip of the 
twig than with the general killing of the flower buds. It is therefore 
considered to be the slightest degree of killing back of the twigs. 


DISCOLORATION OF THE WOOD AND BARK 


The records of the intensity of the discoloration in the wood and 
bark were taken in early spring, before growth started, by making a 
slanting cut through the bark into the wood to the depth of about three 
or four annual growths. The cut was made about fifteen inches above 


in the trunk, and the color of the wood recorded as “clear, 
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the ground on the south side of the trunk rather than on the north 
side, because in many trees there was deeper browning upon the south 

side and the greatest injury was purposely taken as the index. The 
injury records were taken on the trunk instead of upon the main 
branches or twigs, as the browning was progressively deeper towards 
the trunk. The degree of browning in the cortex followed that of the 
wood closely, being seldom darker but often lighter. Consequently, 
browning in either could be taken as the index of injury but in the 
tables only the wood browning is reported. 


FLOWER BUD KILLING 


In determining the percentage of flower buds killed, terminal twigs 
bearing fruit buds were cut and labeled from all of the trees of each 
cross, before growth started in the spring, and brought into the labora- 
tory. The fruit buds were then cut transversely near the base and the 
number of flower buds killed was recorded. The percentages deter- 
mined in this way were checked in the orchard at bloom by studying 
the number of flowers arising from the fruit buds, taking three to four 
as the usual number of flowers borne in each fruit bud. Unfortunately, 
116 trees did not bear flower buds so the classification on this basis 
does not include the entire progeny. 


DWARFS 


In practically all the crosses 10 per cent or more of the trees 
were less than three feet tall. Most of these had a peculiar dwarf 
habit of growth. Many were less than two feet high. As they were 
protected in a measure by adjacent taller plants, and by the snow during 
part of the winter, and therefore were not exposed to the same severe 
conditions as the taller trees, they are not included in the detailed 
classification of the tables. 


METHODS OF CLASSIFICATION 


The data included in this report comprise 120 variety crosses, 
including 1322 individuals. In taking notes in the field each living 
tree of normal height was examined. First the average killing back 
was measured on several typical twigs. Then an incision was made 
” “slichtly” 
brown,” “medium brown,” or “dark brown,” répresenting the un- 
injured wood and three degrees of injury. Later, several twigs were 
collected from each tree, taken to the laboratory, and the fruit buds 
carefully examined to determine the percentage of flower buds killed. 

In general it was found that injury to one part of the tree was 
accompanied by injury in other parts; particularly was this the case 


0 66 
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where the injury was severe. Therefore, in condensing the field notes 
into the tables, the progeny of each cross have been grouped into fre- 
quency distributions under the headings of degree injury. This method 
facilitates the comparison of the reaction of the entire progeny of a 
single cross with the entire progeny of any other cross, but it does not 
show the reaction of the individual trees of each progeny under the 
three separate categories. That is, in a given progeny there may be a 
number of the trees with severe browning of the wood and also a 
number with a percentage of the buds killed; but the condensed tables 
do not show that the trees with the wood injured were also the ones 
with the buds killed. However, a critical study of the tables will show 
(1) that where the progeny are all hardy under one category that they 
are practically all hardy under the other two categories, and (2) that 
where a number are injured under one heading approximately the 
same number are found to be injured under the other headings. To 
illustrate the variations that occur in the individual differences in the 
localization of injury, Table I is presented as a typical sample of the 
field notes. . 


In this table it may be noted that eleven trees were 


TABLE I 
InpivipvaL Recorps or Twenty-six Consrcurivk Trees or A BurspankK X Der Soto Cross 
Percentage 
Tree Dwarfs and trees Killing back Condition flower buds 
Number killed out of twigs of wood killed 
Tae ee ORR cect ee oo None Slight brown No flower buds 
CMR DA Re eee we CINCO no Oor metic ee None Clear °/ -. Wes vatedatees ere tenateneete ° 
3 Killed. before. 2917) — |lscje @swrcie ce cleie. soe |eveicle » tre 6 eretenc fl ciel died Nenepeele terete ana 
Ae BN. cir Site a here catalan pease ae None Slight brown No flower buds 
5 Killed before 1987. fe siavstes » viele sve's 000k [ore cue bce oy lope Rin lo eke Oled| ee eMac telat tata ntact 
6 Dwarf ~ 5 0 Wincetate eledanct eo aiwie dee wiftelare eee mye. cede cal el etna ee a ata 
Fa ar nraia suaite we hrocjeha aaa aa None Medium brown No flower buds 
8 Kslled!- before ano tye ition cra disterele Bera atertvorl Wiehove tos ataie Steere No flower buds 
O17 ig) tate ena late tlaeeas an ake Moonee None Clear No flower buds 
LO: ill eravadeauetortebeeot aabon enter None Clear No flower buds 
II Killed* before: (1927) = =e. 4.6. a/s.elsyacocs a)! sve 0.))|o»' eha'd bre leiels 9 «0 ele Rep ena tee 
Tir Mh ailhak, Wasewaek orien Nests Myo Salt coke to None Clear No flower buds 
13 Drwark. 5 882 eRe wins jo, opmaceiajere ioliaps ajayis 5 sya remy oven “ol eee er 
BO ae ena) ibe eee Naha amp arM ORR oh 1 inch Clear No flower buds 
15 Killed: before. aWon7- Hilie wiNaalevese a cyals, Na 'olsvall alecoyaileseleve loveserer e's pelea ene eee eee al fc 
16 Killed before 1917 Sib ieeleim Ren mere ae o Roehl Macwcite arabes x ss | Taye ga tateta Me ater 
1 AN eee a UC Caracas 2 inches Slight brown 10% 
18 Drwark 20 lt NR i slrsascneteiwnia tet ell Coe cone onscdhe t e te eee a aiereiereramtis morale 
19 Killed) before T9217 feiss ac cpeie-ors vais.s oil escge ene cierechtve 9G Eee tenet e 
20 Killed: before> 1927 ~ jhe: seca cvals disse lerei'o!|pca oan evejeves eles ie eens ee Metis ap att 
BE, oe Blas vaiecaainct, sarsimn sistas rete 1 inch Clear 10% 
22 Dwarf’) 2 Mavetsen Sieere siete scot Pb] gb cece al iv caralte ue ys . 
23 Kalled before. 7977) oekht tren anna ple ne odes aa liva G jae end kg Ra ne ene 
24 Killed before 190720 irene. s-dicscie deve ove ale] sue sta lal orolacs- oro) eleler eke eee Paisice os 4 
25 Kitléd: before? ror7 20 2 ssrass Gamtotrars chaiaveys'c-octuselejelovere trea ehaet eee dele. cly sate 
26) el Gare hae eehante sie Bere None Clear No flower buds 


killed before 


1917, four were dwaris, five (Trees 2, 9, 10, 12, and 26) were com- 
pletely hardy, and six were slightly injured in one or more of the three 
regions examined. Of the last six (Trees 1, 4, 7, 14, 17, and 21), 
three showed slight twig killing, four wood injury, and the two with 
flower buds had about ro per cent killed. Thus the total number 
showing slight injury is frequently somewhat greater than the number 
slightly injured under any single heading of the condensed tables. = 
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Before taking up the tabulations it should be re-emphasized that in 
these classifications the attempt has been made to detect very slight 
injury, and that the trees showing only slight injury would from casual 
examination be classed as entirely hardy; during an ordinary winter 
they would be completely hardy. In the discussion of the tables, there- 
fore, the individuals which were killed back only in the tip, which show 
slight or even medium browning of the wood, and in which 25 per cent 
or less of the buds were killed, are called “hardy,” and can be recom- 
mended for commercial planting under conditions similar to those at 
the Fruit Breeding Farm in Minnesota. 

Turning to a consideration of the series of tables, it is evident from 
the headings that tender progeny are included under “Number killed 
before 1917” and “Trees severely injured 1917-18.” The balance of 
the trees taller than three feet included in the column headed ‘Trees 
examined in more detail,” are then further classified under the three 
main headings of “Killing back of twigs,” “Discoloration of wood” 
and “Percentage of buds killed.” In the last category it will be seen 
that a single column includes those that failed to produce flower buds. 


THE SEEDLINGS CLASSIFIED ACCORDING TO 
WINTER INJURY 


In presenting the tabulated data the various crosses are grouped 
according to the parental species. Thus the numerous crosses which 
include only P. americana and P. triflora in various combinations are 
given in the first series of Tables IJ, III, IV, and V. This series is 
followed by the crosses in which P. nigra enters. Then the hybrids 
with P. besseyi, and lastly those with P. pissardi. 

As may be noted by a critical examination of the tables, the dif- 
ferent varieties used as parents within any species produce very similar 
progeny when classified on the basis of hardiness. For that reason 
the discussion is confined to the behavior of the species groups. The 
plum breeder particularly interested in the relative merits of the differ- 
ent varieties as parents will find that the same scheme of classification 
- is used throughout the series of tables and that the progeny of any 
| particular variety can be readily compared with that of any other. 
In listing the crosses’the usual method of giving the pistillate parent 


first has been followed. 


—s 
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PLUM INVESTIGATIONS 13 


P. AMERICANA X P. AMERICANA 


The first cross listed in Table II is between Zekanta, a hardy 
variety of P. americana, and a hardy seedling of the same species. Tip 
killing occurred in a majority of the trees of this cross. Altho this 
type of injury occurs but rarely to this species in Minnesota, it was 
found to have taken place in some of the varieties under cultivation 
following the winter of 1917-18. The progeny of this combination 
were practically all as hardy as the parents, meeting the expectation 
as to hardiness when parents of the native species are used, but none 
of the individuals was sufficiently outstanding in fruit characters 
to justify further testing. 


P. AMERICANA X (P. AMERICANA X P. TRIFLORA) 


More accurately this heading should be reversed, for the hardy 
hybrids of P. americana X P. triflora were used as the pistillate parent 
in every cross. In combinations of the second group in Table II 
between hardy varieties, P. americana, and the somewhat less hardy 
varieties in which both P. americana and P. triflora enter, the progeny 
fall into two extreme categories, with but very few intermediates ; 
first, the seedlings which were killed, and second, those which were 
hardy. The totals show that at least 4o of the progeny were as 
hardy as the parents and that 47 were killed. With one of the parents 
from the hardy species P. americana, it will be noted that the introduc- 
tion of P. triflora has greatly reduced the proportion of hardy seed- 
lings in the progeny. The significance of this genetically will be taken 
up later. 


P. AMERICANA X P. TRIFLORA 


The general distribution of the progeny in this third group of Table 
II is very similar to that of the preceding group. The proportion of 
hardy individuals is even greater, altho P. triflora is much more 
tender than the varieties P. americana X< P. triflora which were used 
as parents in the preceding group. It appears from the totals in this 
combination of hardy by tender parents, that even more hardy than 
tender progeny have appeared. This is significant in view of the fact 
that up to’the time of planting in the test plots the seedlings had not 
been subjected to temperatures which would kill off the tender individ- 
uals when young. The failure of many seeds to germinate, however, 
might account for this apparent inconsistency. 

Dealing more specifically with the individual crosses of this com- 
bination it may be noted that toward the bottom of Table II there is a 
group in which none of the seedlings are killed. The tables were com- 
piled without reference to which species was used as the female parent, 
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the reciprocal crosses being arranged in the table according to the 
alphabetical sequence of the pistillate parents. Fortunately the number 
of trees under observation is large enough to permit a significant com- 
parison of the reciprocals. These have been brought together in 
Table ITI. : 

By referring to Table III it will be seen that the distribution of 
the reciprocals is strikingly different. When P. americana is used as 
the pistillate parent almost all the progeny are hardy. Where P. tri- 
flora is used as the pistillate parent approximately one half of the 
progeny are tender. Altho these data are not entirely consistent, this 
difference in the reciprocal crosses can hardly be attributed to experi- 
mental error and hence is suggestive in that it indicates the hardier 
parent should be used as the pistillate parent in order to secure hardy 
seedlings. This point is of sufficient importance to justify further 
study. 


P. AMERICANA X P. TRIFLORA HYBRIDS 


This group is the fourth of the series of P. americana crosses. In 
the production of hardy progeny the P. triflora hybrids are about on 
a par with the pure P. triflora varieties ; and while the progeny reported 
in Table IV show a greater tendency to segregate than those of the 
preceding group, in general these seedlings also fall largely into two 
groups characterized by hardiness on one hand and a lack of it on 
the other. As before, all of the individuals of the hardy group are not 
as hardy as the P. americana parent but a large proportion of the 
progeny approach the hardy parent in hardiness. Again the data 
can be divided according to which species served as the pistillate parent. 
Practically all the P. americana X P. triflora progeny are hardy; and 
the reciprocals approximate a 1:1 ratio. 

From a fruit-breeding standpoint it is noteworthy that the species 
combinations P. americana with P. triflora and the P. triflora hybrids 
have not only produced a remarkably large proportion of hardy prog- 
eny, but among these hardy progeny have been found individuals with 
very desirable fruit. The results from using these species in Minnesota 
correspond with those of other plum breeders, particularly C. G. Patten 
in Iowa and Theodore Williams in Nebraska, in that sufficient hardi- 
ness for commercial purposes has been obtained in seedlings with very 
desirable fruit. In fact, some of the seedlings of this combination are 
so outstanding in tree and fruit as to give promise of replacing the 
best varieties of either of the parent species. 
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CROSSES WITH THE HARDY HYBRIDS OF P. AMERICANA X 
PR. TRIFEORA 


The hybrid varieties of P. americana X P. triflora have been used 
in a number of species combinations forming an interesting series 
similar to the preceding P. americana crosses. The first of this series 
might be considered to be the cross of (P. americana X P. tri- 
flora) X P. americana reported in Table II. It will be recalled that 
about half of the progeny were killed and that the. remainder were 
nearly as hardy as the parents. 


(P. AMERICANA X P. TRIFLORA) X (P. AMERICANA X 
P. TRIFLORA) 


This group forms the second in the series. Altho the number of 
individuals in the progeny of these crosses is small (Table V) more 
than half of the normal trees are in the hardy classes, and a few indi- 
viduals are classified as being hardier than either parent. This is char- 
acteristic of this series. 


(P. AMERICANA X P. TRIFLORA) X P. TRIFLORA AND 
P. TRIFLORA HYBRIDS 


The individuals of the second and third groups (Table V) into 
which the tender.P. triflora has entered so extensively again form 
definite groups at the hardy and tender extremes. 

The F, individuals of this series vary much in tree and. fruit 


characters as well as in hardiness. It will be noticed that dwarf trees~ 


appear in relatively small numbers and that about one fourth of the 
trees of each progeny were killed before 1917. In addition to the 
production of individuals hardier than either parent it will be seen 
that in the progeny with the larger numbers the distribution as to 
hardiness ranges more toward the greater degrees of injury than in 
the P. americana X P. triflora crosses. 


CROSSES WITH P. NIGRA 


P. nigra is a hardy northern species. Its native habitat extends 
northward and eastward from western Minnesota across Canada and 
into the northern part of the United States in a few areas. It is 
not so well known among horticulturists because fewer of its varieties 
have been named. For this reason it has been used in breeding to 
only a limited extent. It should be stated in this connection that the 
variety of P. nigra used in these crosses came from seed collected near 
Winnipeg—hence the name. 
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In the crosses recorded in Table VI an opportunity is presented 
to compare P. nigra with P. americana as a hardy parent. It will be 
seen that as large a proportion of the progeny are hardy as in similar 
crosses where P. americana was used. A study of the hardiest of these 
seedlings in the orchard after the severest winters, indicates that they 
are even hardier than the hardiest of the P. americana progeny. 

The only comparable crosses having numbers large enough to 
illustrate this are those of the two species with Shiro, a tender P. tri- 
flora hybrid. The comparison is included as the last group in Table 
VI where it may be noted that the general distribution is very similar 
to P. americana, but that a considerably larger proportion of the P. 
nigra progeny are hardy. Both species cross readily with Shiro but 
in tree characters the P. nigra seedlings are superior. If the F, seed- 
lings available for this investigation are to be taken as an index, it 
may be safely stated that P. nigra can be used as a parent in crosses 
with P. triflora with at least as much success as P. americana. 


CROSSES WITH P. BESSEYI 


The distribution of the hybrids reported in Table VII is in marked 
contrast with that from comparable crosses of P. americana and P. 
migra. About the same proportion were killed prior to 1918, but the 
remainder, instead of being largely hardy, were more or less severely 
injured. The injury shows particularly in the killing back of the 
twigs and in the discoloration of the wood. Less than 20 per cent can 
be considered commercially hardy in Minnesota. oe 


CROSSES WITH P. BESSEYI HYBRIDS 


The first two groups in Table VIII are crosses of P. besseyi 
hybrids with the hardy P. americana and P. mgra varieties. In both 
groups there occur individuals that were killed prior to 1917-18 and 
in the first group a few of the surviving trees that ‘were seriously 
injured. P. besseyi hybrids used as parents are nearly hardy, but when 
crossed with the hardiest species segregation of tender progeny has 
occurred. 

The remainder of Table VIII includes the crosses oF P. besseyi 
hybrids with the P. triflora groups. The progeny show a wide range in 
hardiness with only a small proportion as hardy as the parent. Many 
of these plots appeared to be almost entirely worthless from the plant 
breeding viewpoint when examined in the spring of 1918. The P. 
besseyi parents came from South Dakota, and have not been completely 
hardy in Minnesota. It is probable that selections from farther north 
would prove more successful in plum breeding. 
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Fig. 2. 


Upper: Wohonka X P. pissardi, a Tender Cross; Lower: P. besseyi X Climax, 
a Dwarf, and One Seedling Killed to the Snow Line 
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CROSSES WITH P. PISSARDI 


P. pissardi is a tender ornamental with practically worthless fruit. 
The data presented in Table IX are chiefly of interest because of the 
contrast with the previous data in which P. triflora was the tender 
parent. Practically all of the trees reported in Table IX showed some 
injury in the tissues examined; only seven could possibly be con- 
sidered as hardy enough to endure an average Minnesota winter. From 
the inheritance standpoint these progeny may be classified as inter- 
mediate between the two parents in hardiness. 


SUMMARY OF THE SPECIES CROSSES 


In Table X the totals from the preceding groups are brought to- 
gether to show the comparative distribution of the F, progeny of the 
various species combinations. The relative hardiness of the progeny 
of the different combinations is readily seen when summarized in this 
form. The large proportion of hardy offspring when P. americana 
and P. nigra are used as one of the parents is re-emphasized. Like- 
wise, in the combinations in which P. besseyi, P. pissardi, and P. tri- 
flora enter, the number of tenderer seedlings increases. ~ 

The bud killing in the different summaries in general follows the 
wood injury and the killing back. A considerable number of seedlings 
(116), however, failed to develop fruit buds. In combinations like 
these if the tender line is drawn to include all which were killed back 
over two feet or more or killed outright, the number reaches 577 indi- 


J -viduals—nearly half of the total. If the commercially hardy forms 
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for Minnesota are limited to seedlings classified in the last two columns 
of each of the main headings, an approximate idea is reached as to 
the number from which to select desirable fruiting types. Rated on 
this basis 475 were sufficiently hardy in the twigs, 329 in the wood, 
and 325 in the buds. In these blocks of seedlings the individuals 
which were selected on the basis of superior fruit numbered about 
fifty. These selections were practically all limited to the commercially 
hardy group and this number may be considered high in view of the 
merits of most of them. 

This summary presents the limitations encountered in practical 
breeding with the parents selected. While there is every justification 
in using some of the combinations listed here in order to secure types’ 
for further breeding, it should be clear that the source of hardiness 
for Minnesota lies in P. americana and P. nigra, and possibly hardier 


forms of P. besseyi, from farther north in the range of this species. 


Considerable should be gained, therefore, from this preliminary survey 
of the relative value of tbe fiiierent species as to sources of hardiness 
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Fig. 3. “Upper: Differences in Killing Encountered in Progeny. At Left, Growing at the 
Tip; at Right, Killed to the Ground 
Lower: P! besseyi < Climax, Showing Effect of Winter Killing on Tender Progeny 
e The first ‘tree is growing at the tip, the next is a dwarf; the third was killed outright; 
the fourth was killed to the ground; and the last three were killed outright. 
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DISCUSSION AND CONCLUSIONS 


When such factors as the length of growing season, maturity, 
dormancy, the rest period, nutrition, precipitation, temperature changes, 
temperature extremes, and snow protection are taken into consideration, 
it will be seen that the reaction of plum seedlings to their environment, 
expressed here in terms of winter injury, is by no means a simple rela- 
tionship. The relative influence which any one of these factors has 
upon injury or killing can not be separated definitely from that of the 
others, but all acting together determine the ability of a particular 
seedling to withstand winter conditions. 

From one standpoint the environment may be regarded as the pri- 
mary consideration in hardiness and the genetic constitution secondary, 
or vice versa. For instance, it is possible to picture extremes in winter 
weather which would be so severe as to be beyond the endurance of 
Prunus. On the other hand, winter conditions could be set forth which 
would not cause any injury to such seedlings as those under considera- 
tion. As a matter of fact, however, under fairly comparable condi- 
tions during the winter of 1917-18, the seedlings under observation 
reacted so differently, that considering the extremes, some were killed 
and others were uninjured. With these seedlings, therefore, it appears 
that the differences in individual response to winter conditions were a 
result, for the most part, of their genetic constitution. 

The relatively close correlation in the injury to the various parts of 
the tree indicates that the hardiness of each part is determined by a 
more general condition. At least no individuals were found in which 
the flower buds were hardy and the bark or wood severely injured. 
Killing in the terminal bud under conditions of late growth on other- 
wise hardy trees was no doubt due, for the most part, to the late 
growth resulting from cultivation. There was some difference in the 
extent of killing back accompanying a given degree of browning in 
the bark and wood, but the greatest killing back was found associated 
with the severest injury to them. 

The great differences in survival value shown by these seedlings 


may be taken as an illustration of the manner in which natural selec-— 


tion builds up hardy forms. Altho the process of eliminating the 
tender forms has extended over only a few winters, the killing so far 
has left the hardier trees only for reproduction. Darwin (1859) ex- 
presses the difference in hardiness encountered in native species in 
these words—‘‘We have evidence with some few plants, of their be- 
coming to a certain extent, naturally habituated to different tempera- 
tures ; that is, they become acclimatized ; thus the pines and rhododen- 
drons, raised from seed collected by Dr. Hooker from the same species 


ee eee 


‘ 


ii 
| ‘growing at different heights on the Himalayas, were found to possess 
in this country different constitutional powers of resisting cold.” 

With the plum seedlings in question it is probable that the more 
tender seedlings among both the dwarfs and standard trees were killed 
during the winters before 1917-18. By referring to Table X it will 
be seen that there were, in all, 366 trees out of 1322 which were killed 
before the test winter, compared with 49 out of 790 which were killed 
during it. Considering the fact that the greater killing of young trees 
took place in milder’ winters, it appears reasonable to assume that 
these were the less hardy of the group. 

If natural selection operates in this way to eliminate the less hardy 
individuals of a species in a given region, the hardier would give rise 
to new individuals which in turn would be subjected to a similar 
selection process. In this way it would appear that natural selection 
would tend to bring a species in a given region toward the homozygous 
condition as far as hardiness is concerned. 

At this point it will be interesting to note the relative hardiness 
of the F, in crosses where varieties of P. americana, P. nigra, P. tri- 
flora, and P. besseyi enter. When P. americana is crossed with P. 
americana the F, seedlings are practically all hardy, especially in the 
buds, bark, and wood. The terminal buds, however, were injured in 
some instances. On the other hand, where P. americana was crossed 
with P. triflora hybrids, there is considerable segregation in hardiness 
in the F,, with a portion of the seedlings in each cross classified in the 
columns headed “no injury.” The dispositions of the crosses with 
P. nigra are quite comparable to those with P. americana. When P. 
besseyi is substituted for P. americana or P. migra in the crosses with 
P. triflora, a much larger proportion of the seedlings are grouped under 
the headings indicating various degrees of injury. In crosses in which 
P. pissardi was used with P. besseyi or with P. americana X P. tri- 
flora hybrids, a still smaller proportion are hardy. 

Without going into further detail, it may be stated that there have 
not been outstanding differences in the hardiness of the F, where 
different variety combinations representing the same species have 
been made. There are, however, distinct differences in the value of 
the species in securing hardy progeny. P. migra and P. americana 
rank first as parents in the percentage of hardy progeny wherever they | 
have been used with P. besseyi, of less value. 

In the progeny produced from crossing hardy P. americana varieties 
with the tender P. ixiflora varieties, it will be seen that while a rela- 
tively large number of seedlings are hardy many were killed before 
1917-18, and that still others are classified as semihardy. This raises 
the question as to whether or not the hardy forms like P. americana 
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and P. nigra are homozygous for hardiness. The seedlings of the 
cross P. americana < P. americana in Table VI, altho one of the 
hardiest progeny under test, were injured slightly in the terminal buds, 
and in one instance in the wood. Only one individual in this combina- 
tion was killed before 1917. The extent of injury to the terminal buds 
may, however, be looked upon partly as an index of immaturity, as 
these plots were under cultivation. Nevertheless, the progeny of this 


cross fall well within the limits of commercial hardiness for this — 


region. Considering the source of the varieties used as parents it 
appears that in P. americana natural selection has gone far toward 
eliminating the tenderer combinations and that when this species is 
crossed with forms like P. triflora the range in hardiness encountered 
in the F, is a result primarily of the genetic constitution of P. triflora. 
Such evidence indicates that in the northern habitat of P. americana 
and P. nigra, natural selection has isolated the hardier forms by elimi- 
nating the individuals possessing the tender factor combinations. 
The question is now approached as to what extent the progeny 
under study are representative of possible factor combinations of the 
parents used. Fortunately the details of reproduction in Prunus have 
been worked out sufficiently to throw some light upon this phase 
of the problem. During gametogenesis an extensive suppression 
of gametes takes, place in all interspecific varieties (Dorsey 1919). 
In the processes which take place at bloom a further elimination of 
gametes occurs, because flower production in the plum is so profuse 


that it is impossible, owing to the crowding of the fruit and the limits” 7 


to the strength of the tree, for more than 5 to 10 per cent of the 


flowers to set and to mature. The first and second drops mark the — 


end of the suppression of female gametes. Likewise, the loss of 


pollen grains during dehiscence and the differential germination of 


pollen on the stigmas terminates the period of loss inthe male gametes. 
Following fertilization, in the June drop, and during the subsequent 
loss before maturity, there is an extensive elimination of zygotes. 
Finally, in the seedbed there is a further loss of zygotes in the seeds 
which fail to germinate. The series may be extended also to include 
the loss of seedlings before and after planting in the test plots, because 


this loss reduces the total number of individuals available for study. — 


It seems, therefore, that in the suppression or loss of gametes, 
zygotes, and seedlings there is a mechanism, as well as an opportunity, 
for the elimination of many genetic combinations. : 

In view of the extent of the suppression series outlined above, it is 
difficult to evaluate either the extent or the direction of the elimination 


of possible genetic combinations, if such occur. In fact it would — 


appear that this question can not be settled until the genetic studies 


a 
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| 
of the genus are further advanced, especially along the line of back 


crosses or crosses between individuals of the same progeny, and then 
only with a large number of seedlings available. 

Even if the evidence, therefore, as to the possible range of genetic 
combinations is incomplete, and this study deals only with the factor 
or group of factors determining hardiness, nevertheless, two char- 
acteristics of this material command attention in this connection. In 
the first place the test to which these seedlings were subjected during 
the winter of 1917-18, shows that the individuals of most of the F, 
progenies vary in the degree of hardiness possessed. This is particu- 
larly true of the combinations in which one parent is hardy and the 
other semihardy or tender. The response of some of the progenies, 


such as Zekanta  P. americana (Table II) representing a hardy 


combination, and Wohonka x P. pissardi, (Table IX and Fig. 2) 
representing a tender combination, shows more of an approach to 
uniformity typical of the F, of homozygous parents. But, in the 
cross Zekanta  P. americana, it should not be forgotten that the 
winter in question may not have been sufficiently severe to bring about 
differential injury. In the second place, in many of the combinations, 
as illustrated in those of Table V, there was an extensive elimination 
of the tender individuals previous to 1917, leaving populations which 
are classified for the most part under the headings of least injury. 
In some crosses only the hardy individuals are left, but in others both 
extremes are represented in the trees which survived, when those 
seedlings severely injured during 1917-18 are included in the series. 
In still other progenies the middle classes are left more or less vacant 
as a result of the grouping at the extremes. As to just what dis- 
position would have been made of those seedlings which were killed 
before 1917, had they lived until the test winter, can not, of course, be 
definitely stated, but it is probable that they would have been classified 
for the most part with the group which were injured more or less 
severely, making the distribution in the ditferent classes more uniform. 

It should be remembered that the species included in this. investiga- 
tion are cross-pollinated. This is brought about in the wild as well as 
under cultivation by self-sterility and, to some extent by cross-sterility, 
both of which prevent the building up of homozygous forms except 
in so far as this is accomplished by winter killing. That this has a 
bearing upon the genetic constitution of the varieties used in the crosses 


_ is supported by two lines of evidence. (1) By referring to Table IV in 


“A Study of Sterility in the Plum” (Dorsey, 1919), it will be seen 
that in the varieties representing a single species, such as Blush, Iron- 


clad, Ocheeda, Wyant, and three wild seedlings representing P. ameri- 


cana, there jis considerable pollen abortion. The same may be said of 


32 TECHNICAL BULLETIN 32 


Aitkin, Cheney, and three wild seedlings representing P. nigra, Burbank 
representing P. triflora, and also the native forms listed from P. besseyi 
and P. pennsylvanica. (2) Considerable variation can be found in 
many of the tree and fruit characters of wild seedlings. In fact, the 
first named varieties of P. nigra and P. americana are nothing more 
than named wild seedlings selected from many thousands on account 
of some conspicuous variation in the fruit. Even a casual study of 
seedlings of P. besseyi in the nursery will show the same thing to be 
true of this species. The different varieties of P. triflora may be taken 
as evidence that this species, like our native forms, is heterozygous 
for many characters. This point has also been followed in seedlings at 
the Minnesota station from many other varieties of Prunus. With- 
out presenting the evidence, therefore, it may be stated in this connec- 
tion that there are sufficient differences between the different indi- 
viduals of progeny representing any one species when fruit, tree, leaf, 
form, and vigor are studied critically, to warrant varietal recognition 
to any one of them. It may be concluded, then, that both the pollen 
condition and the character expression of the varieties representing 
a single species, to say nothing of interspecific varieties, show that 
the cross-pollination, brought about by self- and cross-sterility, main- 
tains considerable heterozygosity in Prunus. 

What effect has this heterozygosity of the species upon the F,? 
Does the gamete. suppression noted above have a bearing upon zygote 
suppression at the June drop, or on embryo suppression in the seedbed 
where so many seeds fail to germinate? Where records were kept of — 
the seed germination in the different crosses—especially in the inter- | 
specific crosses—there was always considerable variation in the per- 
centage which grew and, while the whole problem of seed germination 
is now generally regarded as extremely complex and no particular 
attempt was made in this instance to control the conditions under which 
these seeds were stratified, this variation in germination appears to be 
determined to a very large extent by genetic influence. ae 

Referring now to those crosses in which the varieties used as 
parents are pure for their respective species, it will be seen that com- 
binations are possible which involve one or two species, i.e., intra- or 
interspecific crosses. In such crosses in the F, zygote the chromosome ~ 
combination may represent a single species or two. In the latter | 
case there is no opportunity for a recombination series in the parental - 
chromosomes as set forth by Babcock and Clausen (1918) as taking _ 
place in the F, because each individual in the F, contains an equal — 
number of chromosomes from each parent. It would appear, therefore, 
that im the crosses of this category the progeny could be regarded as 
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4 influenced by the gamete suppression arising from heterozygosity 
_ within the species. 

On the other hand, when the parents include interspecific varieties 
a number of combinations are possible. If only one parent is an inter- 
specific variety, the suppression of gametes can be influenced by the 
heterozygosity of the species and also by the recombination series of 
parental gametes. If both parents are interspecific varieties, the re- 
combination of parental chromosomes in the F, becomes extremely 
complex if influenced by the heterozygosity of the species as well as 
by the partial suppression of a recombination series. The distribution 
of some of the progeny at the extremes of the hardiness classes sug- 
gests that in the recombination series chromosome combinations are 
encountered which are unable to function as zygotes. It is probable, 
therefore, that the heavy loss of seeds and seedlings has a genetic back- 
ground in the recombination series and that the possible combinations 
of the factors for hardiness do not gain normal expression on account 
of the extensive suppression at various points in the life history. 

As stated in the introduction, the general point of attack in this 
investigation has been to cross hardy native varieties with others less 
hardy but possessing better fruit characteristics, with the object of 
obtaining seedlings possessing both hardiness and superior fruit. 
Recognizing at the outset that hardiness was the limiting factor in the 
final selections, this material has been studied critically with the object 
_ of determining the species from which individuals possessing sufficient 
_ hardiness combined with desirable fruit characters, could be obtained. 
As to the inheritance of hardiness, even with the limitations which 
self- and cross-sterility impose upon the technic of breeding when 
dealing with heterozygous material of this kind, certain questions can 
be answered for Prunus which will serve as a guide in the future in the 
application of genetics to plum breeding. 

Aside from the more technical aspects of the subject, conclusions 
can be drawn from the data presented which furnish a workable basis 
for breeding for hardiness in plums. From the applied standpoint it 
is important to know when a hardy variety is crossed with a tender 
| one, whether the F, will all be hardy, all tender, all intermediate, or 
| whether all degrees of hardiness between the parents will be encoun- 
tefed. By: referring to the various combinations in the tables it will 
be seen, in general, that where hardiness is present in both parents, the © 
_ progeny are hardy; where both parents are tender the progeny are 
- tender; and that where extremes are encountered in the hardiness of 
_ the parents, gradations in hardiness occur in the progeny, altho the 
- intermediate individuals are not typically represented as would be 
expected in an uninterrupted series of multiple factors. Considering 
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the number of species under investigation in this experiment it would 
appear that these findings will form a workable basis for plum breeders 
to follow where hardiness is a limiting factor. 
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